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(54) Analysis of sheet material 

(57) A signal output apparatus comprises an impact 
applying unit applying an impact to a sheet from the out- 
side thereof, and a detection unit outputting a signal by 
the impact. An apparatus for detemninrng the type of 
sheet comprises an impact applying unit applying an Im- 
pact to a sheet from the outside thereof, and a detection 
unit outputting a signal by the impact, v^herein the type 
of the sheet is determined based on the signal from the 
detection unit. An image fomiing apparatus comprises 
an impact applying unit applying an Impact to a sheet 
from the outside thereof, and a detection unit outputting 
a signal by the impact A method for determining the 
type of sheet comprises the steps of applying an impact 
to a sheet from the outside thereof, outputting a signal 
from a detection unit by the applying step, and deter- 
mining the type of sheet based on the signal. An appa- 
ratus carries out the method for determining the type of 
sheet. An infomr^ation output apparatus used In an im- 
age forming apparatus comprises an impact applying 
unit applying an impact to a target from the outside 
thereof, and a detection unit outputting infomnatton by 
the Impact. 
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Description 

BACKGROUND OF THE INVENTION 
Field of the Invention 

[0001] Thepresentinventlon relates to a signal output 
apparatus. The present invention also relates to a de- 
tection apparatus detecting Infomnation about sheet ma- 
terials for use tn an image forming apparatus, a sheet 
conveying apparatus and the like, and an image fonning 
apparatus comprising such a detection apparatus, and 
so on. 

Related Background Art 

[0002] A method of determining the type of sheet ma- 
terial is described In Japanese Patent Application Laid- 
Open No. 11-314443 (U.S. Patent No. 6097497). 
[0003] The technique described in this publication Is 
a technique in which codes constituted by numerals or 
characters are added to sheet materials in advance, a 
code is read by a sensor provided in a printer, and the 
print mode of the printer Is optimized using information 
matched with this code. 

SUMMARY OF THE INVENTION 

[0004] In the above technique, however, for sheet ma- 
terials with no codes added thereto, their information 
such as determined types thereof cannot be obtained. 
[OOOS] Thus, the object of the present invention Is to 
provide a signal output apparatus and a method ena- 
bling information about the type of sheet mate rial (sheet) 
to be outputted even If codes are not added to sheet 
materials in advance, 

[0006] The signal output apparatus according to the 
present invention is characterized by comprising an im- 
pact applying unit applying an impact to a sheet material 
from the outside, and a detection unit outputtrng a signal 
by the impact. 

[0007] The detection unit comprises a piezoelectric 
element, or Is provided on an elastic defonnable mem- 
ber. 

[0008] Also, the detection unit can be provided on the 
bottom face of the recess of a substrate having a recess. 
[0009] The impact may be applied to a sheet material 
when the sheet material is in a static state. 
[0010] Also, a configuration is possible such that the 
impact applying unit can be transited from the state In 
which It does not contact the sheet material to the state 
In which it contacts the sheet material at the time when 
the impact applying unit applies an impact. 
[0011] The apparatus for detemriining the type of 
sheet material according to the present invention is 
characterized by comprising an impact applying unit ap- 
plying an impact to a sheet material from the outside, 
and a detection unit outputting a signal by the impact, 



and detennining the type of sheet material based on the 
signal from the detection unit. 
[0012] The determination can be made using infomr^a- 
tion about sheet materials stored in advance and the sig- 
s nal from the detection unit. The determination can be 
made using the peak value, the number of peaks or the 
time interval between peaks for the output signal from 
the detection unit. 

[0013] Also, the detennination can also be made us- 
io ing the nth peak value and (n+a)th peak value (a rep- 
resents a natural number) of the out put signal from the 
detection unit, or using the recoil period of the Impact 
applying unit. 

[0014] Also, the Image forming apparatus according 
^5 to the present Invention is characterized by comprising 
an impact applying unit applying an impact to a sheet 
material from the outside, and a detection unit outputting 
a signal by the Impact. Thereby, the type of sheet ma- 
terial can be determined based on the signal from the 
^0 detection unit to define conditions for items to be con- 
trolled. 

[0015] In the case where the image forming apparatus 
forms images by discharging an Ink, the amount of ink 
to be discharged is controlled, for example. Also, in the 

25 case where the image forming apparatus fonms Images 
using toners, the temperature of the sheet material is 
controlled. In addition thereto, items to be controlled in- 
clude conditions for conveying the sheet material (con- 
veyance speed, pressure between conveying rollers, 

30 spacebetween rollers), paper feed conditions for sorting 
and feeding paper (sorter), conditions for drying the 
sheet material after formation of images and conditions 
about staples. Furthermore, whether printing is possible 
or not may be detennlned based on the signal from the 

55 detection unit. Also, an alarm (e.g. an alarm indicating 
that the print mode designated by the user or defined 
automatically does not match the type of sheet material) 
may be Issued to the user based on the signal from the 
detection unit without setting conditions for the item to 

40 be controlled. 

[0016] In addition, the method of detemiining the type 
of sheet material Is characterized by comprising a first 
step of applying an impact to a sheet material from the 
outside, a second step of outputting a signal from the 
detection unit by the first step, and a third step of deter- 
mining the type of sheet material based on the signal. 
[0017] In addition, the system determining the type of 
sheet material, according to the present Invention, is 
characterized by applying an impact to a sheet materia! 

^o from the outside, thereby causing a signal to be output- 
ted from the detection unit In the image forming appa- 
ratus, and detennining the type of sheet material based 
on the signal by a computer set Inside the image forming 
apparatus or a computer connected to the Image form- 
55 Ing apparatus outside the Image forming apparatus. 
[0018] Also, the Infomnatlon output apparatus accord- 
ing to the present invention is an infomnation output ap- 
paratus for use in the image forming apparatus, charac- 
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terized by comprising an impact applying unit applying 
an impact to a target fronn the outside, and a detection 
unit outputting infonnation by the impact. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0019] 

FIG. 1 illustrates a signal output apparatus accord- 
ing to the present invention; 
FIG. 2 is a flow chart for determining the type of 
sheet material according to the present invention; 
FIG. 3 is a flow chart for determining the type of 
sheet material according to the present invention; 
FIG. 4 lliustrates the signal output apparatus ac- 
cording to the present Invention; 
FIG. 5 illustrates the signal output apparatus ac- 
cording to the present invention; 
FIGS. 6A, 6B and 6C illustrale the signal output ap- 
paratus according to the present invention; 
FIG. 7 illustrates the signal output apparatus ac- 
cording to the present invention; 
FIG. 8 shows an example of an output signal ac- 
cording to the present invention; 
FIG. 9 shows an example of the output signal ac- 
cording to the present invention; 
FIG. 10 shows an example of the output signal ac- 
cording to the present invention; 
FIG. 11 shows an example of the output signal ac- 
cording to the present Invention; 
FIG. 12 illustrates the signal output apparatus ac- 
cording to the present invention: 
FIG. 13 shows an example of the output signal ac- 
cording to the present invention; 
FIG. 14 Illustrates the present Invention; 
FIGS. 15A, 15Band 15C show examples of the out- 
put signal according to the present Invention; 
FIG. 16 illustrates the signal output apparatus ac- 
cording to the present invention; 
FIG. 17 illustrates the signal output apparatus ac- 
cording to the present Invention; 
FIGS. 18A, 18B, 18C and 180 show examples of 
the output signal according to the present invention; 
FIG. 19 illustrates the signal output apparatus ac- 
cording to the present Invention; 
FIGS, 20A, 20B, 20C, 20D, 20E, 20F and 20G illus- 
trate a method of manufacturing the signal output 
apparatus according to the present invention; 
FIG, 21 shows an example of the output signal ac- 
cording to the present invention; 
FIGS. 22A and 22B show examples of the output 
signal according to the present invention; 
FIG. 23 is an example of a signal processing circuit 
according to the present invention; 
FIG. 24 shows an example of the output signal ac- 
cording to the present invention; 
FIG. 25 lliustrates the signal ou^ut apparatus ac- 
cording to the present Invention; 



FIGS. 26A. 268. 26C and 26D show examples of 

the output signal according to the present invention; 

FIG. 27 illustrates the present invention; 

FIG. 28 shows an example of the output signal ac- 
5 cording to the present invention; 

FIG. 29 shows an example of the output signal ac- 

cofxiing to the present invention; 

FIG . 30 shows the circuit configuration according to 

the present invention; 
10 FIG. 31 shows the circuit configuration according to 

the present invention; 

FIG. 32 shows the circuit configuration according to 
the present invention; 

FIG. 33 shows the circuit configuration accordingto 
IS the present invention; 

FIG. 34 shows the circuit configuration according to 
the present invention; 

FIG. 35 shows the circuit configuration accordingto 
the present invention; 

20 FiQ. sa illustrates the signal output apparatus ac- 
cording to the present invention; 
FIGS. 37A and 378 show examples of the output 
signal according to the present invention; 
FIGS. 38A and 38B show examples of the output • 

^5 signal according to the present invention; 

FIG, 39 illustrates the signal output apparatus ac- 
cording to the present invention; 
FIG. 40 illustrates the signal output apparatus ac- 
cording to the present Invention; 

30 FIGS. 41 A and 41 B show examples of the output 
signal according to the present invention; 
FIG. 42 shows an example of the output signal ac- 
cording to the present invention; 
FIG. 43 shows an example of the output signal ac- 

55 cording to the present invention; 

FIG. 44 illustrates the signal output apparatus ac- 
cording to the present invention; 
FIG. 45 illustrates the signal output apparatus ac- 
cording to the present invention. 

40 FIG. 46 illustrates the signal output apparatus ac- 
cording to the present invention; 
FIGS. 47A and 47B show examples of the output 
signal according to the present invention; 
FIG. 48 illustrates the signal output apparatus ac- 

45 cording to the present Invention; 

FIG. 49 Illustrates the signal output apparatus ac- 
cording to the present invention; 
FIGS. 50A and SOB show examples of the output 
signal according to the present invention; 

50 F{G. 51 illustrates the signal output apparatus ac- 
cording to the present invention; 
FIG. 62 is a flowchart of data processing of the out- 
put signal according to the present invention; 
FIG. 53 is a flowchart of data processing of the out- 

55 put signal according to the present invention; and 
FIG. 54 illustrates the present invention. 
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DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0020} The present invention will specifically be de- 
scribed below. 

[0021J The signal output apparatus according to the 
present invention will be described in the first embodi- 
nnent, the method and apparatus for determining the 
type of sheet material will be described in the second 
embodiment, the apparatus and system capable of de- 
termining the type of sheet material according to the 
present invention will be described In the third embodi- 
ment and the infomfiation output apparatus according 
to the present invention will be described In the fourth 
embodiment. 

(First Embodiment: Signal Output Apparatus) 

- Apparatus Configuration and Principle/Action - 

[0022] The signal output apparatus according to the 
present invention comprises an impact applying unit, 
and a detection unit oulputting a signal by the impact 
FIG. 1 Is a schematic diagram of the signal output ap- 
paratus according to the present invention. Reference 
numeral 1000 in this figure denotes the impact applying 
unit applying an impact to a sheet material 1010 from 
the outside. Reference numeral 1020 denotes the de- 
tection unit outputting a signal by the impact. The 
present invention originates from the fact that the inven- 
tor has found that the signal outputted from the detection 
unit varies depending on the type of sheet material. Fur- 
thermore, it is thought that variation of the output signal 
depending on the type of sheet material is mainly based 
on differences in mechanical properties such as stiff- 
ness of sheet materials. 

- Sheet Material - 

[0023] Sheet materials include papers serving as im- 
age formable materials: paper leafs, plastic sheets, re- 
cording media (including disk type-recording media 
such as CD-ROM), and printed matters and paper mon- 
ey on which images have been formed. 
[0024] In the present invention , the target to which an 
impact to be applied is not particularly limited as long as 
infomnation about the stale and type of the target can 
be obtained by the signal from the detection unit. 

- Impact - 

[0025] The impact In the present invention Is an ex- 
ternal force applied from the outside of a sheet material 
to the sheet material on a temporary basis. The external 
force as the impact in the present invention is applied to 
a portion but not the whole of the length of the sheet 
material in an aspect of a specific dimension of the sheet 
material, e.g. a direction of conveying the sheet materi- 



al. In other words, the impact is an external force applied 
to the sheet material instantly or as a continuous pulse 
(e.g. rapping or striking force), which is not a supersonic 
force orthe like, but a mechanical force. The impact may 
5 be applied one time or intermittently several times to the 
sheet material. The Impact may be applied several times 
using rebounds of the impact applying unit. 
[0026] In the case where the impact is applied several 
times and where several kinds of forces are applied, a 
10 plurality of data can be obtained, thus improving accu- 
racy of identif cation. In such a case, It Is preferable that 
after the impact once applied is sufficiently attenuated, 
or after it Is reduced to a predetemnined level, a second 
impact is applied. 
'5 [0027] Materials through which the impact is applied 
to the sheet material may include solid materials (met- 
als, plastics, alloys, ceramics, etc.), gaseous materials 
(air, nitrogen, carbon dioxide), liquid materials (water, 
inks), gel materials, powders and mixtures thereof, and 
^0 these materials may be used to apply the Impact. The 
impact may be applied using gravity, or an electric, me- 
chanical, magnetic or electromagnetic force. For exam- 
ple, a spring and solenoid may be used, and a conveying 
roller in the image forming apparatus, a roller for for- 
•5 warding the sheet material and so forth may be used. 
[0028] The Impact applying unit 1000 and the sheet 
material 1010 may be transited from the state in which 
they do not contact each other to the state in which they 
contact each other in applying the impact. In such a tran- 
0 sition, a distance between the innpact ^plying unit 1 000 
and the sheet material 1010 varies during the impact. 
Alternatively, the impact may be applied to the sheet ma- 
terial 1 01 0 in the state in which the impact applying unit 
1000 and the sheet material 1010 previously contact 
s each other. For achieving the application of impact in 
the latter case, the impact Is applied to a specified por- 
tion of the impact applying unit contacting the sheet ma- 
terial for example. Alternatively, an electromagnetic 
force may be exerted on the impact applying unit. 
5 [0029] In the case where both the impact applying unit 
and detection unit contact the sheet material when the 
impact Is applied, the distance between the impact ap- 
plying unit and the detection unit changes when the im- 
pact is applied. Specifically, the distance is reduced 
5 when the impact is applied. For the distance to change, 
It is only required that any one of the Impact applying 
unit and the detection unit should be moved relative to 
the other, and there are cases where both of them are 
moved and where one is fixed while the other Is moved. 
> When the detection unit is mounted on the impact ap- 
plying unit, they make as one body the distance from 
the sheet vary. 

[0030] Furthermore, FIG. 1 shows an impact applied 
to the sheet material 1010 In the vertical direction, but 
* the impact may be applied slantingly to the sheet mate- 
rial. Alternatively, the impact may be applied to the edge 
face of the sheet material, 

[0031 ] As a matter of course, the impact applying unit 
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may be some distance from the sheet material when the 
impact is applied as long as the Impact can be applied. 
It Is, for example, the case where a gas or liquid is blown 
to apply an impact. 

[0032] The impact may be applied when the sheet 
material is being moved (e.g. conveyed), but the impact 
is applied preferably when the sheet material is in the 
static state. The "static state" of the sheet material men- 
tioned herein is a state when the sheet material Is not 
being conveyed, or a state when conveyance of the 
sheet material is temporarily stopped at some midpoint, 
which means the state In which the sheet material sub- 
stantially remains at rest. However, when the sheet ma- 
terial is not in the static state (for example, it is being 
conveyed), the impact may be applied to include Infer* 
matlon about the surface ol the sheet material in the out- 
put signal. 

- Detection Unit - 

[0033] The detection unit 1 020 outputs a signal by the 
impact to the sheet material. 

[0034] The detection unit does not detect an impact 
(action) itself applied to the sheet material, but it detects 
directly or indirectly a force by reaction from the sheet 
material or a force attenuated by the sheet material. For 
example, the detection unit may detect a sound (acous- 
tic wave) generated when the impact is applied to the 
sheet material. 

[0035] The signal outputted from the detection unit 
1 020 is a signal based on the dynamical properties or 
mechanical properties of the sheet material. The me- 
chanical properties include, for example, the rigidity 
Young's modulus, density weight, basis weight (basis 
weight is the weight per square meter of the sheet ma- 
terial), and thickness of the sheet material, or irregular- 
ities on the surface of the sheet material. 
[0036] Forms of outputted signals include electric sig- 
nals such as voltage, current, resistance, electric capac- 
ity and impedance, and optical signals. Elements for 
outputting electric signals include, for example, piezoe- 
lectric elements. In the case where the piezoelectric el- 
ement is used for the detection unit, it is preferable that 
a protective part Is provided on at least one face of the 
piezoelectric element to prevent it from being damaged 
by the impact. 

[0037] The detection unit may be configured such thai 
the signal is outputted only with the impact, or may be 
configured such that the output signal of the base is 
changed by the impact. If the detection is configured 
such that the signal is outputted only with the impact, 
the detection unit 1 020 can be mounted on the impact 
applying unit 1000. 

[0038] it is desirable that the detection unit and the 
sheet material contact each other at least at the time 
when the impact is applied. Therefore, the configuration 
is also possible such that the sheet material and the de- 
tection unit are prevented from contacting each other 



just before the Impact is applied, and they contact each 
other at the time when the impact Is applied. 
[0039] If taking advantage of the detection unit out- 
putting a signal by impact, the aforementioned signal 
5 output apparatus may be used as an impact detecting 
apparatus. 

- Specific Configurations of Impact Applying Unit and 
Detection Unit - 

10 

[0040] The specific configurations of the impact ap- 
plying unit and the detection unit will now be described. 
[0041] The sheet material is held between a first 
member and a second member so that an impact is ap- 
15 plied to the sheet material. The sheet material may be 
pinched between the members the moment when the 
Impact is applied thereto, or the Impact may be applied 
to the sheet material pinched between the members In 
advance, 

20 [0042] For applying the impact to the sheet material 
In this specific configuration, any member may be me- 
chanically bumped against the sheet material, or the pi- 
ezoelectric element and the like may be used. The im- 
age forming apparatus such as a printer usually has a 

^5 pinching guide portion 1400 (corresponding to the first 
member) and a pinch roller portion 1401 (corresponding 
to the second member) for feeding or conveying the 
sheet material as shown in FIG. 4, and thus an example 
of the configuration of this signal output apparatus in 

50 which they are used to apply an impact will be described 
here. Inthls figure, reference numeral 141 ©denotes the 
sheet material, and reference numeral 1 420 denotes the 
detection unit outputting a signal by the impact. The de- 
tection unit 1 420 has an electrode 1 422 provided on the 

35 piezoelectric element 1421. and the signal from the 
electrode Is outputted from this detection unit. 
[0043] In the image fomning apparatus in which the 
sheet material is pinched between the first member such 
as the pinching guide portion and the second member 

<o such as the pinch roller portion for feeding or conveying 
the sheet, for example, an impact of magnitude equal to 
or greater than 1 g/cm^ and smaller than 500 g/cm^ can 
be applied Instantly to the sheet material. 
[0044] When the impact is applied to the sheet mate- 

45 rial 1410, a voltage signal Is outputted from the electrode 
of the piezoelectrk: element 1420 as the output signal 
from the detection unit, thus making it possible to deter- 
mine the type of sheet material using the output signal. 
[0045] In the case where the sheet material is located 
between the impact applying unit and the detection unit, 
the detection unit may be placed on the bottom face of 
the recess of a substrate having a recess. 
In this case, the surface of the detection unit placed in 
the recess may or may not be protruded from the surface 

55 of the substrate. In the case where the surface of the 
detection unit is protruded, it should be protruded to a 
lesser extent so that the conveyance of the sheet ma- 
terial Is not hindered. It is preferable that the depth of 
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the recess or the force exerted on the sheet material by 
the impact applying unit Is set so that the sheet material 
and the detection unit contact each other at the time 
when the impact applying unit is collided against the 
sheet materiaf. In this case, a signal reflecting distortion 
(defomnation) of the sheet material can be obtained. In 
this way, the configuration such that the sheet material 
and the detection unit are prevented from contacting 
each other before the Impact is applied , and they contact 
each other at the time when the impact is applied rep- 
resents a prefen'ed form. 

- An'angement of Detection Unit - 

[0046] The case where the piezoelectric element is 
used for the detection unit will be described below. 
[0047] The piezoelectric element to be mounted on 
the detection unit may be provided on at least one of the 
first member and second member, or may be placed 
both the members. Therefore, the configuration is pos- 
sible such that the sheet material Is pinched between 
the detection unit placed on the first member and the 
second member (i.e. configuration such that the detec- 
tion unit receives an impact through the sheet material). 
Also, the impact applying unit and the detection unit can 
be placed on the same side of the sheet material. In this 
way, the location of the detection unit comprising the pi- 
ezoelectric element is not particularly limited as long as 
the impact can be detected by the piezoelectric element. 
That is. the location of the detection unit is not particu- 
larly limited as long as it is located so that the electric 
signal Is outputted from the detection unit by the impact 
Therefore, the impact may be applied by the first mem- 
ber itself having mounted thereon the piezoelectric ele- 
ment constituting the detection unit, or the impact may 
be applied by the second member, or the impact may 
be applied, by both the first and second members. 
[0048] For example, there is the case where the im- 
pact is applied for selectively conveying only one piece 
of sheet material: and in this case, the impact may be 
used as the impact in the present invention. 
[0049] Examples of using a plurality of detections are 
shown in FIGS. 6A to 6C. In this figure, reference nu- 
meral 1000 denotes the Impact applying unit, reference 
numeral 1 020 denotes the detection unit in a schematic 
manner FIG. 6A shows an example in which detection 
units are placed at two locations, respecUvely: one lo- 
cated opposite to the impact applying unit 1000 via the 
sheet material 1010. and the other located on the same 
side as the face of the sheet material with the impact 
applying unit mounted thereon. 

[0050] FIG. 6B shows an example in which two detec- 
tion units are equally distanced from the impact applying 
unit 1000 In the lateral direction. 
[0051 J FIG. 6C shows an example in which the impact 
applying unit and the signal output unit are placed in 
such a manner that they are opposite to each other with 
the sheet material therebetween. 



[0052] In this way, if the impact applying unit and the 
signal output unit are placed in such a manner that they 
are opposite to each other with the sheet material ther- 
ebetween. and if the impact applyingunits(orsignal out- 

5 put units) are placed in such a manner that they are op- 
posite to each other with the sheet material therebe- 
tween, the signal by the Impact can be detected as a 
change in capacitance of the sheet material. Also, data 
about capacitance (electrostatic capacity) of the sheet 

^0 material can be obtained. 

[0053] When applying an Impact to one side of the 
sheet, it is possible to acquire infomiation concerning 
the surface of the sheet from a detection unit located at 
the side. In such a case, another detection unit located 

^5 at the other side of the sheet can detect a signal prop- 
agated in the sheet to acquire Information concerning 
structure, material, thickness, etc. of the sheet. 
[0054] Also, If detection units are each placed on the 
front side and the back side of the sheet material, infor- 

20 matlon about the front and back sides of the sheet ma- 
terial, for example information about which is front side 
and which is the back side, can be obtained. In this case, 
the impact may be applied to both sides of the sheet 
material to obtain such infoimation from each output sig- 

25 nal. 

[0055] Also, a plurality of detection units may be ar- 
ranged in one dimension or may be arranged in two di- 
mensions. If the detection units are arranged along the 
width of the sheet material, the width of the sheet ma- 

30 terial can be detected. If the detection units are arranged 
In two dimensions in such a manner that they are ar- 
ranged along the length as well as the width of the sheet 
material, the size of the sheet material can be detected. 
[0056] In addition, if the detection unit Is also mounted 

35 on the impact applying unit itself, it is not necessary to 
arrange the impact applying unit and the detection unit 
through the sheet material, which Is preferred In terms 
of degree of freedom for design of the apparatus. 

'io - iWaterial of Detection Unit - 

[0057] The above described piezoelectrb element 
may comprise an inorganic material or organic material 
having piezoelectric properties, which may be, for ex- 

45 ample, an inorganic material such as PZT (titanic lead 
zirconate) and Pl^, BaTlOa, and PMN-PT "Pb 
(Mgi/3Nb2;3)03-PbTi03)" or an organic piezoelectric 
material. By using the piezoelectric element for the de- 
tection unit, the voltage signal can be outputted from the 

50 detection unit without using a power source. Further- 
more, for example a plezo resistance material (such as 
semiconductor) may be used for the detection unit in- 
stead of the piezoelectric element. 
[0058] Any matter illustrated In First Embodiment can 

55 be applied to every embodiment and working example 
described below. 
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(Second Embodiment: Method and Apparatus for 
Detemfiining the Type of Sheet Material) 

[0059] The method and apparatus for determining the 
type of sheet material using the signal output apparatus s 
of the present invention will now be described. FIG. 2 
shows a general outline of the method for determining 
the type of sheet material of the present invention. 

- Method for Determining the Type - 

[0060] First, a predetermined impact is applied to a 
sheet material (81), 

[0061] How the impact Is applied is not particularly 
limited as long as the predetermined impact is g^plled. 
A signal is outputted from the detection unit by the im- 
pact (82), and the type of sheet material is determined 
based on the outputted signal (S3). 
[0062] The detemilnation is made by storing in ad- 
vance information of the output signal for each type of 
sheet material and inf omnation into which the above in- 
formation Is processed, and comparing the stored infor- 
mation (hereinafter referred to as "data table") with the 
signal, 

[0063] Furthermore, the determination of the type in 
the present invention is a concept including not only de- 
termination of the type of sheet material but also deter- 
mination of what the sheet material Is close to if the type 
of the sheet material is not known. For example, it in- 
cludes detenmination of whether the sheet material is a 
paper or plastic sheet (OHP sheet: transparency for 
overhead projector), and detennination of whether it is 
a thick paper or thin paper even for the same type of 
sheet. Difference in thickness means difference in 
weight of sheet niaterial. In the present invention, deter- 
mination for at least two types Is acceptable, but as a 
matter of course, determination for more than two types, 
for example determination of whether the sheet material 
is a plain paper, a coated paper or a photo paper is pre- 
ferred. Furthermore, the coated paper is a paper with a 
coating layer provided on the surface. The photo paper 
is a paper with bright finish applied to the surface. The 
photo paper is generally more expensive than the coat- 
ed paper. Also, the setting of conditions for any item to 
be controlled based on the output signal from the detec- 
tion unit so that they are suitable for the sheet material 
is equal to determination of the type of sheet material 
as a matter of course. The item to be controlled will be 
described later. FIG. 3 shows an example in which the 
method for determining the type is used when an Image 
is formed. The detection unit outputs a signal by the Im- 
pact (82-1), the output signal is compared with informa- 
tion stored in advance (S3-1 ), and if determination of the 
type of sheet material is possible, the item to be control- 
led is controlled so that It is optimally set for the sheet 
material (83-3), and if the determination is impossible, 
notification of this result is given to the user (83-4). If 
the determination is impossible, an image can be 



formed based on the predefined setting without giving 
the notification to the user, as a matter of course. 
[0064] The Information about a sheet material is pref- 
erably infonnation incorporating temperature and hu- 
midity conditions. 

[0065] Furthermore, in detennination of the type of 
sheet material, the determination of the type of sheet 
material by application of an impact, and determination 
by an optical method may be used in combination. The 
optical method is a method in which the surface of the 
sheet material is exposed to light, and taking advantage 
of the fact that its transmitted light, scattered light and 
reflected light depends on the type of sheet material, the 
type of sheet material is determined. The method is de- 
scribed in Japanese Patent Application Laid-Open No. 
2000-301806 (U.S. Patent No. 6291829). for example. 

- Apparatus for Detemilning the Type - 

[0066] The apparatus for determining the type of 
sheet material of the present invention comprises an im- 
pact applying unit applying an impact to a sheet material 
from the outside, and a detection unit outputting a signal 
by the impact, and determines the type of sheet material 
based on the signal from the detection unit. The type of 
sheet material is detemnined using a data table stored 
in advance and the signal from the detection unit. The 
determination of the type of sheet material may be made 
by an electric circuit, or using a program. 
[0067] This detennination apparatus may be mounted 
on image forming apparatuses (printer, copier, facsimi- 
le, etc.), image readers (scanner, page reader), sheet 
conveying apparatuses (sheet feeder), sheet material 
number counting apparatuses, sheet material type clas- 
sifying apparatuses, sheet conveying apparatuses and 
sheet payload apparatuses. 

[0068] The determination of the type of sheet material 
may be made by man using a detection signal, but may 
also be made in the above Image forming apparatus or 
the like, or by an external apparatus (e.g. computer) 
connected to such an apparatus. 
[0069] If the apparatus for detemnining the type ac- 
cording to the present invention is mounted on the im- 
age forming apparatus, the detection unit of this appa- 
ratus for determining the type has a configuration of , for 
example, a detection unit 1420 shown in FIG. 4. The 
signal from this detection unil is transmitted to an exter- 
nal computer (including wireless transmission and wire 
transmission), the type of sheet material Is determined 
in the computer, and the conditions for the item to be 
controlled are set based on the result of the determina- 
tion so that they are the most suitable for the sheet ma- 
terial. - • 

- Signal Processing for Determination - 

[0070] For the signal for use in determination of the 
type of sheet, a signal (second signal) outputted before 
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the fmpact is applied and a signal (third signal) outputted 
at the time when the Impact Is applied to the signal out- 
put apparatus In the situation in which the sheet material 
does not exist may be used in addition to the first signal 
outputted from the detection at the time when the impact 5 
is applied. 

[0071] For example, signal processing is cam'ed out 
such that the output signal (third signal) when the sheet 
materia! 1 41 0 is not pinched in FIG. 4 is subtracted from 
the first signal. For such signal processing, a signal io 
processing circuit for carrying out the processing may 
be used. 

- DetenDination Method - 

IS 

t0072J An example of the configuration of the appara- 
tus using the piezoelectric element as the detection unit 
is shown In FIG. 7. In this figure, Reference numeral 
1720 denotes the piezoelectric element functioning as 
the detection unit, reference numeral 1723 denotes an 
elastic defonnable member (e.g. flat spring) having the 
piezoelectric element 1720 thereon and being pinched 
so that it can be deformed by collision, reference numer- 
al 1724 denotes a movable base portion for fixing the 
elastb deformable member on a pedestal, reference nu- 
meral 1 725 denotes a groove portion formed on the 
movable base portion for enabling the elastic defonna- 
ble member to be defomied, reference numeral 1726 
denotes a movable axis portion connected to the mov- 
able base portion, and reference numeral 1 727 denotes 30 
an impact portion having a hemispherical surface, which 
is connected to the front edge of the movable axis por- 
tion. The piezoelectric element is located so that defor- 
mation of the elastic deformable member can be detect- 
ed. 35 
[0073] The impact applying unit 1 000 Is comprised of 
the movable base portion 1 724. the movable axis por- 
tion 1726 and the impact portion 1727. The impact ap- 
plying unit 1000 may be a united body, or may have a 
configuration such that each portion can be separated. 40 
The detection unit 1 020 is comprised of the piezoelectric 
element 1 720 and the elastic deformable member 1 723. 
In this way, the aspect of this figure is an example of the 
detection unit mounted on the impact applying unit. Ref- 
erence numeral 1 728 denotes a bearing portion for pro- 45 
moting the uniaxial movement of the movable axis por- 
tion 1726. reference numeral 1010 denotes the sheet 
material, and reference numeral 1 729 denotes a sub- 
strate for supporting the sheet material 1010. 
10074] When the impact is applied to the sheet mate- so 
rial 1010 by the Impact applying unit 1000, the signal 
shown In FiG. 8 is outputted from the piezoelectric ele- 
ment. In this figure, the horizontal axis represents time, 
and the vertical axis represents voltage (electric poten- 
tial difference). Reference character a1 denotes a signal ss 
occurring by firet collision against the impact applying 
unit, reference character a3 denotes a signal occurring 
by second collision, reference character aS denotes a 



signal occurring by third collision, and reference char- 
acter a7 denotes a signal occunring by fifth collision. 
[0075] For detemiining the type of sheet material, in- 
fomnation such as the peak value of the signal, the peak 
Inten^al, a change in time of the peak interval, time until 
the signal Is attenuated to a predetennined value or 
smaller, the number of peaks until the signal reaches a 
predetermined value or smaller, time until a predeter- 
mined peak occurs, the number of peaks in a predeter- 
mined time interval, the signal wave iom, frequency 
properties and integrated Intensity may be used. Using 
aplurality of piezoelectric elements, information such as 
the intensity difference and intensity ratio between sig- 
nals from respective elements, or the phase difference 
and peak time difference may be used. 
[0076] When the Inventor applied a same impact to 
each of a plain paper (CP-250: New Printer Paper), a 
coated paper (HR101S: High Resolution Paper), Photo 
Paper (GP301 : Photo Glossy Paper) (all manufactured 
by Canon Inc.), the numbers of peaks until the voltage 
signal was attenuated were different for each type of 
sheet: 5 for the plain paper (FIG. 9), 3 for the coated 
paper (FIG. 10). and 2 for the photo paper (FIG. 11), so 
that the type of sheet material could detected. Further- 
more, the peak mentioned herein corresponds to the 
spot marked with a circle in the figure. 

- Method of Making A Determination Using Recoil 
Period of Impact Applying Unit - 

[0077] The impact applying unit travels in the first di- 
rection toward the sheet material, collides against the 
sheet material, and then recoils in the direction (second 
direction) opposite to the first direction. This phenome- 
non is the recoil. 

[0078] The recoil period Is a time period over which 
the impact applying unit stays in space after colliding 
against the sheet material and before colliding against 
the sheet material again. Alternatively, it may be the total 
of a plurality of periods between collision and next col- 
lision, or it may be a p%f\o^ between the time when the 
impact applying unit initially collides against the sheet 
material and the time when it is substantially in the static 
state. The time points at which the recoil period starts 
and ends may be detennined using the maximum value 
of the signal from the piezoelectric element at the time 
of collision. The recoil period including a plurality of col- 
lisions may be detennined by calculating the time inter- 
val between the nth collision (n Is an integer number 
equal to or larger than 1) and the mth collision (m is an 
Integer number equal to or larger than 2, and m>n 
holds). Also, a predetennined pulse may be generated 
over a time period between the nth collision and the 
(n+1)th collision to calculate the recoil period from the 
nunrt>er of clock pulses generated in the AND circuit of 
the pulse and an external clock pulse of known frequen- 
cy. 

[0079] The method for determining the type of sheet 
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material using the recoil period will be described with 
reference to FIG. 1 4. First, the innpact applying unit conrt- 
prising the piezoelectric element is made to collide with 
the sheet material (14-1). A signal Is outputted from the 
piezoelectric element by the collision, and the signal is 
used to measure the recoil period of the impact applying 
unit (14-2). 

The measured value is compared with the data table 
stored in advance, whereby the type of sheet material 
can be detemnined. 

[0080] Also, the recoil period can be determined by 
calculating the time interval between the nth collision (n 
is an integer number equal to or larger than 1 ) and the 
mth collision (m is an integer number equal to or larger 
than 2, and m>n holds). For exampie. the duration be- 
tween the first collision and the fifth collision is calculat- 
ed, and the type of sheet material can be determined 
using the calculated duration. 

[0081] The Impact applying unit that can suitably be 
used in this embodiment will be described with refer- 
ence to FIG. 7 in which the impact applying unit is free- 
fallen to apply an impact to the sheet material. In this 
embodiment, for the impact itself, springs (including 
those using eKpansion and contraction of solids and 
those using dumping of gas) and electromagnetic force 
may also be used, as a matter off course. 
[0082] Each time when the impact applying unit is col- 
lided against the sheet material 1010, a piezoelectric 
signal as shown in FIG. 15A is obtained. The horizontal 
axis in FIGS. 16A and 15B represents time. The vertical 
axis in FIG. 15A represents the terminal voltage. FIG. 
15B shows the positions of the impact applying unit cor- 
responding to the time shown In FIG. ISA. Examples of 
the elastic deformable member 1723 include a flat 
spring, a cantilever spring, a center spring, a periphery 
fixation spring and a coil spring. 
[0083] Also, the substrate 1 729 being a platen or the 
like is not absolutely necessary, but any member caus- 
ing a recoil may be used. 

[0084] When the movable base portion 1724 as 
shown in FIG. 7 is fallen from an altitude of HO, then the 
impact portion 1727 is collided against the sheet mate- 
rial 1 01 0 on the substrate 1 729 after a period of time TO, 
and the impact applying unit 1000 recoils through a pe- 
riod Ta1 over which the sheet material is deformed. 
Here, the deformation includes plastic deformation and/ 
or elastic deformation. 

[0085] Thereafter, the impact applying unit rises along 
the t>earing portion 1 728 Into the space to an altitude 
HI , then starts to fail, and collides against the sheet ma- 
terial 1010 again. 

[0086] The impact unit 1 727 again recoils through a 
period Ta2 over which the sheet material is deformed, 
and finally stops after repeating the above operations. 
[0087] As the movable base portion 1724 undergoes 
gradual reduction in the recoil height, the elastic deform- 
able member 1723 has its momentum changed by the 
impulse occurring at the time when the movable base 



portion 1724 (including the piezoelectric body 1720, 
elastic deformable member 1723, movable axis portion 
1726 and impact portion 1727) Is collided against the 
sheet member 1010. 

5 [0088] Specifically, the elastic defonnable member 
1723 Is transited from the static state into the dynamic 
state to start vibrating, and the vibration has its ampli- 
tude reduced due to rapid attenuation by viscous resist- 
ance of a flat spring vibration system, thus finally bring- 

10 ing about a stopped state on a temporary basis. A pie- 
zoelectric signal Is outputted from the piezoelectric ele- 
ment in response to such deformation of the flat spring. 
Thereafter, as the collision and the fall described above 
repeatedly occur, the rapid attenuation of vibration is re- 

15 peated due to the rapid deformation and the viscous re- 
sistance of the flat spring vibration system, respectively. 
[0089] In the process of the above repetition, the time 
Interval at which the Impact applying unit 1 727 collides 
against the sheet material 1010 (the recoil period) and 

^0 the piezoelectric signal (voltage or piezoelectric current) 
are detected, thereby detecting the type of sheet mate- 
rial. 

[0090] The piezoelectric current occurs in proportion 
to the deformation speed of the piezoelectric body, and 

^5 therefore the piezoelectric body 1 720 taking on a rapid 
deformation speed due to the rapid deformation of the 
flat spring at the time of each collision causes a maxi- 
mum piezoelectric current at the time of the collision (a 
voltage V is generated at each electrode of the piezoe- 

30 lectric body in proportion to the piezoelectric current) as 
shown in FIG. 15B. 

[0091 ] By the internal impedance of the piezoelectric 
body, the piezoelectric current can be picked up as a 
voltage signal from the each electrode of the piezoelec- 
55 trie body. 

[0092] Thus, in the period of time after the impact 
member is fallen as shown in FIGS. 1 5A to 1 5C. the time 
inten/al between maximum signals of the voltage gen- 
erated in the piezoelectric body at the time of each col- 
40 lision is measured, whereby the type of sheet material 
(e.g. the type of sheet) can be detected. This takes ad- 
vantage of the fact that the deformability and rigidity of 
sheet material varies depending on the type of sheet 
material. 

45 [0093] In the case of the measurement of time de- 
scribed above, comparisons may be made by measure- 
ment of time T1, or measurement of lime T1+T2, or 
measurement of time T1+T2+T3 (see FIGS 15A to 
15C). Alternatively, the type of sheet may be determined 

so after data is processed using the time measured as de- 
scribed above (e.g. data of recoil period for each type 
of sheet material is memorized in advance, and com- 
parisons are made to determine whether the measured 
data is consistent with the measured value, or which 

55 type of sheet material the value is relevant to. At that 
time, a data table incorporating parameters related to 
humidity and temperature may be memorized, *so that 
In making a determination, the temperature and humid- 
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ity are measured to determine the type of sheet materi- 
al). During application of the impact, the sheet material 
may be substantially in the static state (It is not being 
conveyed in a printer, but is at rest, and It may be in a 
state either before or after being conveyed), or the im- 
pact applying member may be collided against the sheet 
material while it is conveyed (i.e. moved). 
[0094] Furthenriore, a data table with recoil periods 
corresponding to types of sheet materials stored therein 
in advance is provided in a printer or a computer con- 
nected to the printer, and Information detected by the 
recoil period detecting unit is compared with the data 
table, whereby the type of sheet material can be deter- 
mined. After the type of sheet material is determined, 
the setting of print modes can be perfomned in the print- 
en or from the computer connected to the printer. The 
setting of print modes includes, for example, control of 
discharge of Ink. The setting may be inputted by man, 
or may be done automatically. 

[0095] FIG. 1 6 shows a schematic view of the config- 
uration in the printer 2600. 

[0096] The signal from the impact applying unit Is in- 
putted to a recoil period delecting circuit unit (recoil pe- 
riod detecting unit) to detect the period, and thereafter 
the type of sheet material is determined through the type 
detemiining unit with the above described data table 
stored therein. Thereafter, printing is carried out in opti- 
mal recording mode in a recording mode controlling unit. 
Furthermore, the type of sheet material may be deter- 
mined in an external computer (connected to the printer) 
using the signal from the recoil period detecting unit, not 
in the printer. In this case, the recording mode controlling 
signal Is sent from the external computer to the printer. 
Also, the type of sheet may be determined for each 
piece, orfor a predetermined number of pieces specified 
by the user. A configuration such that the type of sheet 
material is. detected only when the main power source 
of the printer is turned on is also possible. 
[0097] Furthermore, for how the impact applying 
member is fallen, not only gravity but also a spring 271 8 
may be used as shown in FIG. 17. In the case where 
the spring and the like are used, a higher degree of free- 
dom as to the angle of the impact applied to the sheet 
material can be provided. 

[0098] Another method for measuring the recoil peri- 
od will be described. 

[0099] When the impact applying member is collided, 
a predetermined pulse is generated over a time period 
between the nth (n is an integer equal to or greater than 
1 ) collision and the (n-t-l )th collision to calculate the re- 
coil period from the number of clock pulses (AND puls- 
es) generated In the AND circuit of the pulse and an ex- 
ternal clock pulse of known frequency. The predeter- 
mined pulse can be generated using as a trigger the sig- 
nal from the piezoelectric element at the time of collision 
of the Impulse applying member This will be described 
specifically below. 

[0100] Specifically, as shown in FIGS. IBAto 18D. the 



voltage (denoted by reference numeral 2801 In FIG. 
ISA) generated in the piezoelectric body at the time of 
the collision Is used as a trigger to generate a first pulse 
(denoted by reference numeral 2802 In FIG. 18B). and 

5 an AND pulse (denoted by reference numeral 2804 in 
FIG. 1 8D) is generated in the AND circuit of an external 
pulse of known frequency (denoted by reference numer- 
al 2803 in FIG. 18C, and referred to as a second pulse) 
and the first pulse, and the AND pulse 2804 is counted 

'io to calculate the time period (recoil time), thereby detect- 
ing the type of sheet. 

[0101] For the relation between the first pulse and the 
second pulse, the duration (period) of the second pulse 
is shorter then the duration of the first pulse. 

IS [0102] Also, the time interval between the pulse 2802 
and the pulse 2803 in FIGS. 18B and 1 8C may be de- 
termined using the NAND circuit. In such a case, time 
intervals other than calculated time Intervals described 
above will be calculated. Furthemnore, combination of 

^0 the both time periods is equivalent to calculation of the 
time period between the instant when collision occurs 
and the instant when the recoil is ended. 
[0103] Furthermore, the piezoelectric current is con- 
verted into a voltage and used in this case, but a change 

25 in piezoelectrkj current may be used to detect the Instant 
when collision occurs. 

[01 04] In addition, in the vibration system of the elas- 
tic deformable member (impact applying unit described 
with FIG. 7), the periphery of the defonnable member 

^0 (e.g. the flat spring described above) can be retained in 
the atmosphere of pressure gas to increase as much as 
possible the viscous resistance component serving for 
attenuation of vibration. Furthennore, the piezoelectric 
body can also be retained in the atnv>sphere of pressure 

55 gas. For the atmosphere in such a case, the pressure 
is preferably higher than the ambient pressure (e.g. 
equal to or larger than 1 atom and equal to or smaller 
than 2 atom), and type of gas includes nitrogen gas. ar- 
gon gas and inert gas. 

40 [01 05] The resistance component may be generated 
by gas flow. 

[0106] In addition, a light-weight flat spring can also 
be used for increasing the vibration amplitude of the flat 
spring by an impulse generated at the time of collision. 

^5 [0107] Furthennore, for how the Impact applying 
member is fallen, not only gravity but also a spring 271 8 
may be used as shown in FIG, 17. 
[0108] The apparatus having the deformable member 
retained in the atmosphere of pressure gas has been 

so described, but coriversely, the defonmable member can 
be retained in the atmosphere of reduced pressure so 
that the viscous resistance component is reduced- In 
such a case, the deformable member will create natural 
vibration (or vibration that can be considered substan- 

ss tially as natural vibration). 

[0109] Therefore, the recoil period can be calculated 
by counting pulses generated by the natural vibration. 
[0110] For the atmosphere of reduced pressure, the 
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level of pressure may be in the range of fronr^ 10*5 Torr 
to 10^ Torr, preferably from 10*^ Torr to 10^ Torr. and 
vacuum pressure is also acceptable as a matter of 
course. An example of the Impact applying member al- 
lowing the natural vibration to be created will be de- 
scribed with reference to FIG. 19. Components having 
functions same as those of the elements of the appara- 
tus in FIG. 2 are given same numbers. 
[01 11 1 In this figure, reference numeral 1 720 denotes 
the piezoelectric body serving as a sensor, reference 
numeral 1723 denotes the flat spring that has the pie- 
zoelectric body 1720 mounted thereon, reference nu- 
meral 1726 denotes the movable base portion for fixing 
the elastic defonmable member (e.g. flat spring) 1723 
on a pedestal, reference numeral 1725 denotes a 
groove portion fomned on the movable base portion 

1724 for enabling the flat spring 1 723 to be deformed, 
reference numeral 1 726 denotes a movable axis portion 
connected to the movable base portion 1724, and ref- 
erence numeral 1727 denotes an impact portion having 
a hemispherical surface, which is connected to the front 
edge of the movable axis portion 1726 (of course, the 
surface Is not limited to a curved surface as long as pre- 
detemnined recoil is achieved). 

[01 12] In this figure, reference numeral 2910 denotes 
a sealing member for retaining in the atmosphere of re- 
duced pressure theflat spring 1723 serving asadefomn- 
able member. An area 2920 surrounded by the sealing 
member and the flat spring 1 723, and the groove portion 

1725 are both under reduced pressure. Furthenmore, it 
is preferable that the pressure in the area 2920 is iden- 
tical to the pressure In the area 1 725 in temns of natural 
vibration. Also, there may be a difference in pressure 
between both areas. Furthenmore, in the drawing, elec- 
trodes and wirings provided on the both sides of the pi- 
ezoelectric body 1720 are not shown. 

[0113] The elastic deformable member (e.g. flat 
spring) 1723, the piezoelectric body 1720, the movable 
base portion 1724 and the movable axis portion 1726 
and the impact portion 1 727 constitute a united recoil 
body, and reference numeral 1728 denotes a bearing 
portion for promoting the uniaxial movement of the mov- 
able axis portion 1 726, reference numeral 1010 denotes 
the sheet material (e.g. printing paper), and reference 
numeral 1729 denotes a platen that has the sheet ma- 
terial 1 01 0 mounted thereon, and is collided against the 
impact portion 1727 with the sheet material 1010 ther- 
ebetween. 

[01 1 4] Furthermore, for retaining the flat spring 1 723 
in the atmosphere of reduced pressure, the impact ap- 
plying member should be prepared in steps shown in 
FIGS. 20A to 20G. First, the movable base portion 1 724 
having a groove or recess area is prepared as shown in 
FIG. 20A, and the deformable member 1 723 and the pi- 
ezoelectric body 1720 are placed on the movable base 
portion under a predetermined atmosphere of reduced 
pressure (FIG. 20B). Furthermore, the piezoelectric 
body is placed on the deformable member in the figure. 



but it may be placed under the defonmable member. 
Then, the sealing member 2910 and the movable base 
portion 1 724 are bonded together through the defonm- 
able member 1723 under a predetemnined atmosphere 
5 of reduced pressure (FIGS. 20C and 20D). For bonding 
them together, for example, anode bonding can be 
used. Furthenmore, FIGS. 20E, 20F and 20G show the 
aspect of sealing spatially 

[0115] The aspect of collision will be described with 
10 reference to FIG. 21. In the configuration described 
above, as shown in FIGS 22A and 22B, when the mov- 
able base portion is fallen from an altitude of HO, the 
impact portion 1 727 Is collided against the sheet mate- 
rial on the platen after a period of time TO, and the impact 
15 portion recoils through a period Ta1 over which the 
sheet material Is deformed (plastic deformation and 
elastic defonmation), and rises Into the space to an alti- 
tude HI along the beartng portion accepting a uniaxial 
movement, and then starts to fall again, and collides 
so against the sheet material 1 01 0 again through a period 
of time T1 over which it stays in space, and the Impact 
member recoils again through a period of time Ta2 over 
which the paper is deformed, and as the recoil body (in- 
cluding piezoelectric body, elastic defonmablo member, 
25 movable base portion, movable axis and impact portion) 
undergoes gradual reduction in the recoil height while 
repeating the above operations, the elastic deformable 
member has its momentum changed by the impulse oc- 
curring at the time when the recoil body collides against 
30 the sheet material, namely the elastic defomnable mem- 
ber is transited from the static state to the dynamic state 
to start vibrating as shown in FIGS 22A and 22B, and 
thereafter the vibration has its amplitude gradually re- 
duced with time due to attenuation by the viscous resist- 
as ance of the flat spring vibration system, and the recoil 
body undergoes the process described above in which 
the collision and the fall are repeated, and finally falls 
onto the sheet material and stops. 
[01 16] In the repetitive process described above, the 
4t> elastic deformable member occurring at the time when 
the impact portion collides against the sheet materials 
creates natural vibration. 

[01 17] This is because the periphery of the elastic de- 
formable member is kept under an atmosphere of re- 

45 duced pressure by the sealing member 2910 and the 
like. In repletion of collision and recoil, for the calculation 
of the recoil period, for example, how many periods of 
vibration are included in the period of time T1 may be 
counted (six periods in the case of FIG. 22A), or how 

50 many periods of vibration are included in the period of 
time T1+T2, the period of time T1+T24-T3 or the period 
of time until the member is substantially in the static 
state may be'calculated. The type of sheet material can 
be detected based on the calculated value. 

55 [0118] Since the piezoelectric current occurs in pro- 
portion to the defonmation speed of the piezoelectric 
body, the piezoelectric body placed on the surface of the 
flat spring also create similar vibration in response to the 
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vibration of the flat spring occurring at the time of colti- 
sion, and the piezoelectric body creates tensile strain 
and compressive strain alternatlngly with the vibration, 
and the piezoelectric current Is changed into an alter- 
nating current due to the above strain created altemat- 5 
ingly. By picking up the alternating cun-ent as a voltage 
from the electrode terminal of the piezoelectric body, the 
terminal voltage shown in FIGS. 22A and 21 was ob- 
tained. 

[0119J The number of the pulses after the collision is io 
counted over the period of time T in this case, but It may 
be counted over only the period of time T1 as shown in 
FIGS. 22A and 22B, or over the period of time T1 +T2. 
[01 20] Furthermore, the piezoelectric current is con- 
verted Into voltage and used in this embodiment, but a is 
change In piezoelectric cun-ent may be used to carry out 
detection. 

[01 21] In addition, In the vibration system of the elas- 
tic deformable member such as a flat spring, air resist- 
ance remaining in the periphery of the member^ which 20 
occurs in proportion to the vibration velocity, acts to at- 
tenuate the vibration, and it is therefore desirable that 
the flat spring and piezoelectric body are placed in the 
atmosphere of reduced pressure to prevent attenuation 
of the amplitude of the natural vibration of the flat spring 25 
occurring at the time of collision, wherever possible. 
[0122] Preferably, the vibration has increased ampli- 
tude, and has the amplitude reduced and eliminated be- 
fore next collision occurs. By this operation, if a terminal 
voltage generated by the vibration amplitude of the flat 30 
spring 2 Is selected by acomparator 231 9 shown in FIG. 
23 while the recoil body is rising into the space, the 
number of instances where the temninal voltage equal 
to or higher than the comparative voltage can be pulsed 
is increased, namely the number of pulses inputted to 3s 
the counter can be increased, thus making it possible to 
detect accurately the recoil'height determined from the 
number of pulses. 

[0123] In addition, the vibration amplitude of the flat 
spring is increased due to the impulse occun-ing at the 40 
time of collision, and therefore the weight of the flat 
spring should be reduced. 

[0124] Attenuation of the flat spring is caused by the 
viscous resistance of residual gases in the atmosphere 
of reduced pressure, but as a method for attenuating the 45 
vibration of the flat spring after the voltage Is reduced to 
the comparative voltage or lower, for example, in addi- 
tion thereto, an alternating voltage with the phase shift- 
ed by 180( relative to the vibration amplitude of the flat 
spring may be applied, or a direct voltage may be ap- so 
plied to the piezoelectric body. 

[0125] Needless to say, if collision and recoil are once 
repeated, and the level of attenuation of amplitude is 
small, it is preferable that means for temporarily stop- 
ping the vibration is secured in order to detect the t^e 55 
of sheet material for two or more pieces. For example, 
the amplitude may be forcibly attenuated by applying a 
null voltage to the piezoelectric body, or by applying 



thereto an inverse voltage. Altematlvely, when the pie- 
zoelectric body exist on the compression side due to vi- 
bration, a voltage Is applied to the piezoelectric body so 
that the piezoelectric body extends in the longitudinal 
direction, and on the other hand, when the piezoelectric 
body exist on the tension side, a voltage is applied so 
that the piezoelectric body contracts in the longitudinal 
direction. By such operations, the amplitude can be at- 
tenuated forcibly. 

£0126] Furthermore, for how the impact applying 
member Is fallen, not only gravity but also a spring 2718 
may be used as shown In FIG. 1 7. 
[0127] Another method for measuring the recoil peri- 
od using the natural frequency of the elastic deformable 
member will now be described. 
[0128] Detection is carried out with an alternating 
change in tennlnal voltage of the piezoelectric body 
placed on the surface of the elastic defomiable member 
shown in FIG. 22A, and the temninal voltage Is intro- 
duced in the electric comparator 231 9 shown In FIG. 23, 
and the terminal voltage higher than a predefined com- 
parative voltage (see FIG. 21) is taken out from an out- 
put terminal 2326 of the comparator 231 9. 
[0129] That Is, the temninal voltage passing through 
the comparator may be processed into a signal voltage 
as shown In FIG. 24. and thereafter the signal voltage 
may be pulsed (not shown), and th e pulse may be count- 
ed by a counter during a defined period of time after the 
collision (e.g. T, T1 , T1 +T2 or T1 +T2+T3. or It may be 
defined as 1 second and the like as a matter of course). 
If taking advantage of the fact that the counted value 
varies depending on the type of sheet material, the type 
of sheet material can be determined. Furthemiore, ref- 
erence numeral 2319 denotes the electric comparator, 
reference numeral 2320 denotes an input temninal, ref- 
erence numeral 2321 denotes a comparative voltage, 
reference numeral 2322 is resistor for making a setting 
of the comparative voltage 2321 by separation of resist- 
ance, reference numeral 2323 Is a direct-cun-ent power 
supply for taking out the comparative voltage 2321 , ref- 
erence numeral 2324 denotes a lead wire, reference nu- 
meral 2326 denotes a supply power source for the com- 
parative circuit 2319. and reference numeral 2326 de- 
notes the output tennlnal of the comparator 231 9. 
[0130] Alternating signal voltages generated at time 
T1, T2 and T3, respectively, are pulsed during a period 
of time T set as shown in FIG. 24 (longer than the period 
of time until the impact member falls and becomes at 
rest on the paper), and the recoil period is determined 
from the number of the pulses (the number of pulses 
occurring between the Instant when the impact member 
starts to fall onto the paper and the instant when the 
impact member fails and becomes at rest on the paper), 
whereby the type of sheet is detected. 
[0131] Furthermore, if an impact absorber is placed, 
vibration can be attenuated forcibly. The impact absoriD- 
er includes, for example, a groove provided on the sub- 
strate, a magnet or a rubber 
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-Specific Example of Configuration of TypeDetermlning 
Apparatus - 

[0132] An example of the configuration of a module 
(sensing unit) in which it is possible to apply a predeter- 
mined Impact to the sheet member, and then, output a 
signal by the Impact will be described with reference to 
FIG. 12. 

[01 33] An impact applying unit 2200 is bonded to the 
elastic defomnable member 2221 , and a piezoelectric 
sensor 2220 Is fixed to this elastic deformable member 
as a center beam with both ends of the length as fixed 
ends. The both ends of the piezoelectric sensor are 
fixed: whereby the elastic deformable member is signif- 
icantly deformed at the time of application of impact/de- 
taction of Impact, and thus a large amount of strain can 
be given to the piezoelectric sensor, and therefore de- 
tection sensitivity is enhanced, 

[0134] This elastic deformable member 2221 is fixed 
on a Si substrate 2222. A voltage conversion circuit 
2225, a filter circuit 2226 and an amplifier 2227 are pro- 
vided as I C on this Si substrate. 
[01 35] Wirings drawn from the upper and lower elec- 
trodes of the piezoelectric sensor 2220 on the clastic 
defomnable member 2221 are connected to the voltage 
conversion circuit 2225. An electric signal Is outputted 
to the outside of the module from an output signal elec- 
trode 2223. Also, a mechanism involved in driving for 
applying an impact to the sheet member from the impact 
applying unit 2200 is provided, and in this embodiment, 
electromagnetic force is used for the mechanism. Spe- 
cifically, a solenoid 2224 for driving rectilinearly a mov- 
able axis (movable iron core) made of magnetic material 
Is used. 

[0136] For application of impact, for example, a direct 
current is passed through the solenoid, whereby an 
electromagnetic force is generated to keep the impact 
portion from the medium (push action of the solenoid), 
and the current is discontinued, whereby the Impact por- 
tion Is released and fallen by gravity, so that the impact 
portion Is collided against the recording medium to apply 
an impact. Alternatively, the impact portion is kept from 
the medium by means of a spring or the lil<e (not shown), 
and then the impact portion is collided against the re- 
cording medium by pull action of the solenoid to apply 
an impact. Fordrlving for applying an impact in this way, 
the elastic force of the elastic body, falling by gravity, 
displacement of the piezoelectric element and the like 
can be used in addition to the electromagnetic force, and 
some of these may be used In combination. 
[01 37] For detection of the impact, a strain is created 
in the piezoelectric sensor due to the deformation of the 
elastic deformable member by the impact received by 
the Impact portion from the sheet material, and the strain 
is converted into a voltage signal and detected as a 
change In the voltage signal with time, and is deprived 
of undesired frequency-band noises by the filter 2226 
as necessary, and is thereafter amplified by the amplifier 



2227, and is then outputted as a signal. Furthennore, 
the method in which the signal from the sensing unit is 
used to detemnine the type of sheet material is shown 
in FIG. 52. The signal from the sensing unit is inputted 

5 to a characteristic quantity detecting unit. In the charac- 
teristic quantity detecting unit, the characteristic quanti- 
ty different for each type of medium is extracted from 
the output signal. This characteristic quantity includes 
the number of peaks of the signal occurring until atten- 

10 uation is reached, time required until attenuation is 
reached, the voltage value at the peak, the degree of 
variety of a plurality of peaks» and time intervals between 
a plurality of peaks. 

[0138] Specifically, in the characteristic quantity de- 

15 tecting unit, the signal from the sensing unit is converted 
into a digital signal by the A/D converting unit If it Is an 
analog waveform signal, as shown In FIG. S3. In addi- 
tion, a reference signal for voltage or time is Inputted as 
a trigger signal, and the time and voltage for each peak 

20 Is digitized based on the waveform converted into a dig- 
ital signal In the timing controlling unit and the trigger 
signal- Then the characteristte quantity is extracted. 
[01 39] Thereafter, the characteristic quantity is deter- 
mined in a characteristic determining unit, and the type 

25 of sheet material is detemiined in a condition determin- 
ing unit. Furthemnore. in the characteristic quantity de- 
termining unit, the data table stored in a storage unit is 
compared with the characteristic quantity sent from the 
characteristic quantity detecting unit to detenrtine the 

so characteristic quantity to be used in determination of the 
type. Here, a leaning unit is a unit in which the charac- 
teristic quantity prepared in advance is stored as a data 
table. 

35 (Third Embodiment: Apparatus and System Having 
Capability of Determining the Type of Sheet Material) 

[0140] Apparatuses that will be described in this em- 
bodiment include image forming apparatuses compris- 

40 Ing the detection unit described above (printer, copier, 
facsimile, etc.), Image readers (scanner, page reader), 
sheet material conveying apparatuses, sheet material 
number counting apparatuses, sheet material type clas- 
sifying apparatuses, sheet conveying apparatuses, 

45 sheet feeders and sheet payload apparatuses (herein- 
after, all these apparatuses may be described as "Image 
forming apparatus, etc." in abbreviation form). The type 
of sheet material may be detennined in the image form- 
ing apparatus, etc. or it may be detemnined by another 

so external apparatus (e.g. computer) connected to the im- 
age forming apparatus, etc, 

[0141] After the type of sheet material is determined, 
items to be controlled are controlled so that the most 
suitable setting for the sheet material is obtained. 
55 [0142] Items to becontrolled include, for example, the 
amount of ink to be discharged and the space between 
conveying rollers during conveyance of the sheer mate- 
rial, temperature conditions when the image is formed 
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on the sheet material (e.g. temperature conditions at the 
time of fixation of toner). In addition thereto, the items 
to be controlled include conditions for conveying the 
sheet material (conveyance speed, pressure between 
conveying rollers, space between rollers), paper feed 5 
conditions for sorting and feeding paper (sorter), condi- 
tions for drying the sheet material after fonnation of Im- 
ages and conditions about staples. 
[0143] Furthermore, whether or not printing is possi- 
ble may be detennined based on the signal from the de- w 
tectlon unit. Also, an alarm (e.g. an alarm indicating that 
the print mode designated by the user or defined auto- 
matically does notmatch the type of sheet material) may 
be issued to the user based on the signal from the de- 
tection unit without setting conditions for the item to be is 
controlled. Needless to say, a plurality of items to be 
controlled may be set so that they provide conditions 
suitable for the sheet material. For example, when the 
type of sheet material has been determined, conditions 
for conveying the sheet material may be controlled, and so 
conditions for record heads (e.g. the amount of liquid to 
be discharged from the discharging head). Furthermore, 
for example, FIG. 54 shows a schematic sectional view 
of an Inkjet printer. Reference numeral 6401 denotes a 
roller for feeding paper, reference numeral 6402 de- 25 
notes a detection unit, reference numeral 6403 denotes 
a delivery tray, reference numeral 6404 denotes a print- 
ing head, reference numeral 6405 denotes a circuit por- 
tion, reference numeral 6406 denotes a conveyance 
mechanism portion, and reference numeral 6410 de- 30 
notes a sheet material. The Impact is applied, for exam- 
ple, using the roller 6401 . 

[0144] Control of the amount of ink to be discharged 
will be described in detail below. 

[01 45] After the type of sheet material is detected, the 55 
amount of ink to be discharged is controlled (adjusted) 
so that printing Is perfomned in the optimal mode. The 
print mode Is defined by the CPU placed inside or out- 
side the image forming apparatus. Transmission and re- 
ception of data signals to and from the outside can be 40 
omitted if the CPU is placed inside. Needless to say, 
man may input the print mode from the external compu- 
ter in consideration of the type. Thereby, the operation 
by man of sending Information such as the type of sheet 
and the print mode for each printing paper can be omit- 
ted, thus making it possible to eliminate an undesirable 
situation in which printing is not carried out in the optimal 
mode due to a human error. It Is possible to detect the 
type of sheet material and define the print mode for each 
piece of printing paper, or plurality of pieces of printing so 
paper or for any number of pieces of printing paper. It is 
also preferable that whether or not the type of sheet ma- 
terial Is detected and determined can be detennrned in 
advance in the image fomriing apparatus Itself or from 
the externa! computer connected thereto. 55 
[0146J Infomiatlon on the type of printing paper and 
printing mode Is sent from the computer connected to 
the image forming apparatus (e.g. printer) to the the im- 



age forming apparatus, thus making it possible to carry 
out printing based on the information sent, 
[01 47] The Image forming apparatus according to the 
present invention comprises, for example, the signal 
output apparatus described above, image fonning 
means for discharging an ink to a sheet material to form 
an image, and ink discharge controlling means for de- 
termining the type of the sheet material based on the 
signal from the signal output apparatus, thereby control- 
ling the amount of ink to be discharged. The Ink dis- 
charge-type printer mentioned herein is referred to as 
an Inkjet printer, and Is described in. for example, U.S. 
Patent No. 6276776. 

[0148] Also, the image forming apparatus according 
to the present invention comprises, for example, the sig- 
nal output apparatus described above, Image fonming 
means for forming a toner image on a sheet material, 
fixing means for heat-pressing the toner Image against 
the sheet material to fix the toner image on the sheet 
material, and temperature controlling means for deter- 
mining the type of the sheet material based on the signal 
from the signal output apparatus, thereby controlling the 
temperature of the fixing means. 
[0149] Also, the image forming apparatus according 
to the present invention comprises, for example, the sig- 
nal output apparatus described above, image forming 
means for fonning an image on the sheet material by a 
thermal head, and power controlling means for deter- 
mining the type of the sheet material based on the signal 
from the signal output apparatus, thereby controlling the 
power supplied to the thermal head. 

(Fourth Embodiment: information Output Apparatus) 

[01 50] In this embodiment, the case where an impact 
is applied to the target other than sheet materials. Spe- 
cifically, for the purpose of examining the state (e.g. the 
amount of residual ink and defect of the ink outlet) of a 
liquid container used in the Image forming apparatus (e. 
g. Jnkjet printer), the impact Is applied to the liquid con- 
tainer. The Impact mentioned herein is an external force 
other than vibration by the piezoelectric element. Forthe 
method for applying the impact, the above method using 
gravity and a spring may be used. 
[0151] Referring to FIG. 1 , for example, the informa- 
tion output apparatus Is such that the Impact applying 
unit 1000 is collided against the liquid container 1010 to 
output infomiation about the content of the liquid con- 
tainer by the detection unit 1020 mounted on the liquid 
container. Furthermore, the detection unit is not neces- 
sarily mounted on the liquid container itself as long as 
information about the state of the liquid container can 
be outputted. For example, this holds true with the case 
where an acoustic wave occurring by the impact Is de- 
tected. 
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Examples 

(Example 1 : Signal Output Apparatus) 

[0152] A signal output apparatus using an impact ap- 
plying unit and a detection unit shown in FIG. 25 will be 
described. Reference numeral 1 720 denotes an upper 
piezoelectric element, of which material Is PZJ (titanic 
lead zirconate). Reference numeral 1723 denotes an 
elastic deformable member, of which material is a 
bronze plate. Reference numeral 1724 denotes an Im- 
pact applying unit, and the diameter of a cylinder portion 
1 726 is 3.5 mm. The front edge of the impact applying 
unit has a curved surface, Reference numeral 1728 de- 
notes a bearing portion, of which material is a fluorine 
resin having a small friction coefficient. Reference nu- 
meral 1730 denotes a paper holding portion, which 
holds paper with a force of 8 g/cm^. 
[01 53] Reference numeral 1 01 0 denotes a paper, and 
reference numeral 1729 denotes a base material made 
of brass. The base material Is provided with a recess, 
and an Impact receiving material is provided in the re- 
cess. The impact receiving material has a three-layer 
structure. Reference numeral 1741 denotes a brass, ref- 
erence numeral 1742 denotes a lower piezoelectric el- 
ement (C91 manufactured by Fuji Ceramics Co.. Ltd.), 
and reference numeral 1743 denotes a rubber vibration 
insulator. Furthermore, for the vertical positions of the 
surfaces of the base material 1729 and the impact re- 
ceiving material 1741 . the position of the Impact receiv- 
ing materia! is lower by about 0.1 mm. Also, the piezo- 
electric element was prevented from contacting the side 
face of the above described recess. An adjustment was 
made so that the impact applying unit would almost ver- 
tically collide against the paper. Furthermore, the weight 
of the impact applying unit was about 6.6 g. In the fol- 
lowing step, an adjustment was made so that the dis- 
tance of drop covered by the impact applying unit would 
be 2.5 mm. L in the figure represents a length of 5 mm. 
[01 54] Experiments were conducted to whether or not 
a signal could be outputted as a paper serving as the 
sheet material for each of the plain paper and the photo 
paper. Furthemnore, LC301 and PR 101 both manufac- 
tured by Canon Inc. were used as the plain paper and 
the photo paper, respectively. 

[01 55] The results are shown in FIGS. 26A and 26D. 
FIG. 26A shows a signal waveform from the upper pie- 
zoelectric element when the impact is applied to the 
plain paper, and FIG. 26B shows a signal waveform from 
the lower piezoelectric element when the impact is ap- 
plied to the plain paper. FIG. 26C shows a signal wave- 
form from the upper piezoelectric element when the im- 
pact is applied to the photo paper, and FIG. 26D shows 
a signal waveform from the lower piezoelectric element 
when the impact is applied to the photo paper. 
[01 56] As shown in these figures, a signal output ap- 
paratus outputting a signal by the impact applied to the 
sheet material was obtained. 



[0157] Furthermore, in this Example, the rubber is 
provided on the lower side of the lower piezoelectric el- 
ement 1 742, but the rubber may be provided on the both 
sides, or may not be provided as long as the signal can 

5 be detected. Also, the vertical position of the surface of 
the impact receiving material 1 741 is lower than the ver- 
tical position of the surface of the base material 1729. 
but the converse is also possible. However, in the case 
where the vertical position of the impact receiving ma- 

10 terial is higher, the height should be l<ept at an appro- 
priate level so as not to hinder the conveyance of the 
sheet material. Also, the size of the impact applying unit 
contacting the sheet material is preferably smaller than 
or equal to the size of the lower piezoelectric element. 

T5 Also, In this Example, the width of the impact receiving 
material is smaller than that of the recess provided in - 
the substrate, and therefore a gap Is formed, but the gap 
may be filled with resIn and the like. Also, the width of 
the recess provided in the substrate may be equalized 

20 with the width of the impact receiving material. 

(Example 2: Method for Determining the Type of Sheet 
Material) 

25 [0158] Whether or not the type of sheet material can 
be determined by the output signal obtained in the Ex- 
ample 1 was examined. 

[0159] In this Example, the piezoelectric element is 
placed on both upper and lower sides of the sheet ma- 
30 terial. but it may be placed on only one side as a matter 
of course. 

- Using Output Signal from Upper Piezoelectric Element 

35 

[01 60] For the peal< value, there was almost no differ- 
ence between signals 3601 and 3605 in the first colli- 
sion, but there was a difference of about 5 mV between 
the signals 3602 (plain paper) and 3606 (photo paper) 
40 in the second collision, and therefore the type could be 
well detenrnined. 

[0161] For the number of peaks, the number of in- 
stances where a signal of 1 0 mV or greater was output- 
ted was counted, the result was one time for the plain 
45 paper, and four times for the photo paper, and it was 
found that the type can be well determined by the 
number of peaks. 

[0182] For the peak interval (recoil period), the time 
Interval between the first collision and the second colli- 

50 sion is observed. There was apparently a sufficient dif- 
ference between the case of plain paper (interval be- 
tween signals 3601 and 3602) and the case of photo 
paper (interval between signals 3605 and 3606). That 
is, it was found that the peak Interval can also be used 

55 to detemnine the type of sheet material. 
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- Using Output Signal from Lower Piezoelectric Elennent 



10163] For the peak value, there was a difference of 
about 100 mV between signals 3611 and 3615 in the 
first collision, and therefore the type could be well de- 
termined, 

[01 64] It was found that the number of peaks can also 
be used to determine well the type as apparent from 
FIG. 26B (the number of peaks = 4) and FIG. 26D (the 
number of peaks = 1). 

[0165] For the peak interval (recoil period), the time 
interval between the first collision and the second colli- 
sion is observed. There was apparently a sufficient dif- 
ference between the case of plain paper (interval be- 
tween signals 3611 and 3612) and the case of photo 
paper (interval between signals 3606 and 3606). That 
is, It was found that the peak interval can also be used 
to determine the type of sheet material. 
[0166] As a matter of course, for improving the accu- 
racy In detennination of the type of sheet material, both 
the peal interval and peak value can be used to deter- 
mine the type. 

(Example 3: the Number of Peaks) 

[0167] As one example of the present invention, a 
printing paper identifying apparatus used In the Inkjet 
printer will be described based on the drawings. 
[0168] It will be described with reference to FIG. 4. 
This figure is a schematte diagram of a paper delivery 
mechanism used for aligning the edge of the printing pa- 
per from a tray (not shown) in the Inkjet printer. Refer- 
ence numeral 1410 denotes a sheet member (printing 
paper in the case of this Example), reference numeral 
1 401 denotes a conveying roller (pinch roller), reference 
numeral 1403 denotes a guide for aligning the edge of 
the printing paper, reference numeral 1400 denotes a 
pinching guide for having the printing paper pinched, 
and reference numeral 1420 denotes an piezoelectric 
body. 

[0169] FIG. 5 is a magnified view of the piezoelectric 
body 1420 and the pinching guide 1 400. The piezoelec- 
tric body 1420 in this Example has a PZT (titanic lead 
zirconate) film vertically pinched by a platinum electrode 
1422. The piezoelectric body had a size of 20 mm long, 
7 mm wide, 0.3 mm thick. 

[0170] Data before having the printing paper 1410 
pinched (FIG. 13) is read in the processor as an initial 
state before the printing paper 1410 is fed from the tray 
to the printer in this Example. 

[0171] Furthermore, the reading in the Initial state 
may be omitted. 

[0172] For the data at this time, values of 6V or greater 
in the output voltage on the negative side are analyzed 
on the time axis while ignoring the positive side (upper 
side) in FIG. 13. 

[0173] As a result, about seven peaks were observed 



with the first peak of about 20 V, second peak of about 
20V, third peak of about 1 0 V and fourth peak of about 
10 V in the absence of printing paper. Thereafter, the 
printing paper 1410 (plain paper) is inserted into the 
s edge guide 1403. and the pinching guide 1400 causes 
the printing paper 1 41 0 to be pinched between itself and 
the pinch roller 1401, 

[0174] At this time, the printing paper 141 0 is pressed 
(i.e. the impact Is applied) by the pinch roller 1401 . and 

10 a voltage is outputted from the piezoelectric body 1 420 
located near the edge of the pinching guide 1400 (FIG. 
9). The output voltage has five peaks, and in the initial 
three peaks thereof, the first peak represents 1 8.5 V, the 
second peak represents 13.6 V, and the third peak rep- 

^5 resents 10 V. 

[01 75 J This data is recorded as data for identifying the 
type of sheet. Similar experiments were conducted us- 
ing the coated paper and the photo paper, and output 
data shown in FIG. 10 (the number of peaks = 3) and 

20 output data shown in FIG. 1 1 (the number of peaks = 2) 
were obtained, respectively. 

[01 76] In the processor, the signal voltage in the initial 
state with no printing paper 1410 and the number of 
peaks of the voltage outputted at the time of pinching 

25 the printing paper 1410 were stored In the data table in 
advance, thus making it possible to Identify the sheet 
material by comparing the table with output data. Also, 
if the signal in the initial state is used, whether ornot the 
printing paper is placed in a predetemnined position can 

30 also be determined. Furthemiore. the type of sheet may 
be determined by comparing voltage values at respec- 
tive peaks, instead of determining by the number of 
peaks as described above. A period of time until atten- 
uation is required can be calculated from the attenuation 

35 curve of waveform and compared to identify the sheet, 
or the sheet can be identified from the degree of differ- 
ence between the first peak after application of impact 
and the subsequent second peak. 
[01 77] A computing apparatus connected to the print- 

^0 er candies out rendering suitable forthe determined type 
of sheet for the print mode of Inkjet, and the printer has 
the printing paper 1410 conveyed to the position oppo- 
site to the print head by the paper delivery mechanism 
to start printing. 

[0178] If printing is carried out for a large number of 
sheets, the processor identifies the type of sheet and 
sends sheet type data to the computing apparatus in the 
printer by carrying out processing similar to that de- 
scribed above when printing Is carried out for one sheet, 
so This is because for nonnai printing, it takes about 3 sec- 
onds to do printing for one sheet if the level is about 20 
ppm. 

[0179] Also, in this Example, the pinching guide 1400 
Is used as a pinch roller, but different configurations are 
55 possible. For example, the pinching guide may be pro- 
vided separately on the pinch roller axis. 
[0180] Also, (VA-VB)A/A. in which VB represents an 
output voltage when the sheet is pinched, and VA rep- 
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resents a voltage in the Initial state, and VB Is connpared 
with the value of VA, may be used. In this case, data no 
longer depends on the variation of the initial state. Fur- 
thermore, in the image fonming apparatus, there are 
cases where the sheet material Is stopped for detection 
of edges, and at this time the impact is preferably de- 
tected. 

(Example 4: Peak Value) 

[0181] When the impact applying unit comprising the 
piezoelectric element was collided against the sheet 
material, and the signal waveform from the piezoelectric 
element was used to plot the nth maximum value (cor- 
responding to the signal generated at the time of the nth 
collision (n represents an integer number greater than 
1), the results shown In FIG. 27 were obtained. Further- 
more, the maximum values of signals by the nth collision 
and the (n+1 )th collision are marked with a black circle 
and a triangle, respectively. It was found that the range 
of the nth maximum value varies depending on the type 
of sheet material, thus making it possible to determine 
the type of sheet material from the maximum value. This 
will be described specificaliy below. 
[01 82] This will bo,described with reference to the ex- 
ample of output waveforms from the piezoelectric ele- 
ment of the sheet type detecting apparatus (FIGS. 28 
and 29) and the example of the block of the circuit for 
determining the type of sheet from the first maximum 
value (FIG. 30). The impact was applied in the same 
way as Example 1 described above. 
[0183] Signal waveforms of different first maximum 
values as shown in FIG. 28 (waveform of sheet material 
A) and FIG. 29 (waveform of sheet material B) are ob- 
tained from the piezoelectric element of the sheet type 
detecting apparatus due to the difference of sheet ma- 
terials, 

[0184] The output wavefomi from the signal output 
apparatus is Inputted to a peak value detecting circuit 
block 4060 shown In FIG. 30 to obtain as a peak value 
the maximum value during the detection. 
[0185] The value obtained by peak value detecting 
circuit block 4060 is inputted to a peak value determining 
block 4080 to determine the type of sheet material. In 
this figure, reference numeral 4090 denotes a peak 
number counting circuit block, and reference numeral 
4070 denotes a timing creating block. 
[0186] In the case of sheet material A, a waveform 
output A shown In FIG. 28 is obtained. Va3801 in the 
waveform represents the maximum value of the output 
signal at the time of the first collision. In the case of the 
sheet material B, a waveform output B shown in FIG. 29 
is obtained. Vb3901 in the wavefonm represents the 
maximum value of the output signal at the time of the 
first collision. 

[0187] In FIGS. 28 and 29, Vca3802, Vab3803, 
Vbd3804 and Vdn38D5 represent threshold levels for 
detennining the maximum value at the time of the first 



collision. Such threshold levels are stored in advance. 
[01 88] Which range of the threshold levels covers the 
maximum value obtained from the output signal wave- 
form is determined by the comparator, whereby the type 
5 of sheet material can be determined. 

[01 89] When the impact is applied to a sheet material 
whose type is unknown, and the maximum value of the 
signal generated by the first collision is equal to or larger 
than the level of Vca3802, the sheet material is deter- 
ge mined as sheet material C. It is determined as sheet ma- 
terial A when the maximum value equals to a level be- 
tween Vca3802 and Vab3803, it is determined as sheet 
material B when the maximum value equals to a level 
between Vab3803 and Vbd3804, and it Is determined 
15 as sheet material D when the maximum value equals to 
a level between Vbd3804 and Vdn3805. 
[0190] Therefore. In the case of the wavefomn output 
A shown in FIG. 28. the maximum value voltage equals 
the level of Va3801, and the output of the comparator 
20 A4101 in FIG. 31 is at High level, and thus the sheet 
material is determined as sheet material A in consider- 
ation of the condition of Vca3802 > Va3801 . 
[0191] In the case of the waveform output B shown in 
FIG. 29, tho maximum value voltage equals the level of 
25 Vb3801 , and the output of the comparator B4102 is at 
High level, and thus the sheet riiaterial is determined as 
sheet material B in consideration of the condition of 
Vab3803 > Vb3901 . 

[0192] Furthermore, for the peak value determining 
30 block shown In FIG. 31 , the signal of Low is outputted 
from the comparator C. and the signals of High are out- 
putted from the comparators A. B and D, when the sheet 
material is sheet material A. 

[0193] Furthermore, for obtaining the nth maximum 
55 value, the number of peaks is counted by the peak 
number detecting block 4090, and operations of the 
peak value detecting circuit block 4060 are controlled 
by the timing creating block 4070 to detect the peak only 
during the period over which the nth maximum value is 
40 generated. 

[0194] At this time, a threshold for the nth maximum 
value voltage according to the type of sheet material is 
defined. 

[0195] Also, the maximum value obtained from the 
45 peak detection may be A/D-converted to determine the 
type of sheet material from the resulting digital value us- 
ing a microcomputer. 

(Example 5: Ratio of Peak Values) 

so 

[0196] The impact applying unit was collided against 
the sheet material, and the ratio between the signals 
from the piezoelectric element of the impact applying 
member generated in the nth collision and the (n+a)th 
S5 collision (a represents an Integer number greater than 
1) (ratio between the nth maximum value and the (n+a) 
th maximum value (a represents an integer ntimber 
greater than 1) was examined for each sheet material. 
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[01 97] As a result, the distribution of values varied de- 
pending on the type of sheet materia), and It was thus 
found that the type of sheet can be determined from the 
value. A method of detemiining the type of sheet mate- 
rial by using the ratio of peak values is shown in FIG . 32. 
[0198] The output signal wavelength from the signal 
output apparatus is Inputted to a peak detecting circuit 
4301 and apeak detecting circuit 4302 operating in tim- 
ing of nth collision and (n+a)th collision, respectively. 
[0199] A timing creating circuit block 4303 uses the 
count obtained from a peak number counting circuit 
4304 to create timing in which the peak detecting circuit 
is operated, and provides the timing to the peak detec- 
tion circuit 4301 at the time of the nth collision and the 
peak detecting circuit 4302 at the time of the (n+a)th 
collision. 

[0200] For the nth maximum value and the (n+a)th 
maximum value being the outputs of the peak detecting 
circuits 4301 and 4302, respectively, the ratio between 
the maximum values is calculated in a computing circuit 
block 4306, and the type of sheet material is detemiined 
from the value of the ratio in a computed value deter- 
mining circuit 4306. 

[0201] Also, the maximum value obtained from the 
peak detection may be A/D-converted to determine the 
type of sheet material from the resulting digital value us- 
ing a microcomputer. 

(Example 6: Use of Two Types of Peak Values) 

[0202] FIG. 33 is a block diagram in which the type of 
sheet material is determined using information by the 
signal generated In the nth collision (n represents an in- 
teger number greater than 1) (nth maximum value), and 
information by the amount of change of the signals gen- 
erated in the nth collision and the (n+<x)th collision (a 
representsan integer number greater than 1) (nth max- 
imum value and (n4-a)th maximum value). 
[0203] The output signal wavelength from the signal 
output apparatus is Inputted to a peak detecting circuit 
4301 and a peak detecting circuit 4302 operating in tim- 
ing of nth collision and (n-fa)th collision, respectively. 
[0204] The nth maximum value being the output is in- 
putted to a peak value detemnining circuit 4307, and is 
simultaneously rnpuned to the computing circuit block 
4305 togetherwith the (n+a)th maximum value. The re- 
sult of determination of the sheet material in the peak 
value detemiining circuit 4307 is inputted to a final de- 
termination block 4308. 

[0205] Also, the result of determination using the val- 
ue of ratio by the computing circuit block 4305 is inputted 
to the final determination block 4308. and a final deter- 
mination is made in the block 4308 using the two deter- 
mination results. 

[0206] Also, the maximum value may be A/D-convert- 
ed for digital processing by a microcomputer. 



(Example 7: Use of Average of nth Peak Values) 

[0207] FIG. 34 shows an example in which the nth 
maximum value generated in the nth collision in Exam- 

5 pie 4 is measured over m times, and the measured val- 
ues are averaged, followed by detemnining the type of 
sheet in the peak value determining block. The meas- 
urement Is repeatedly conducted overpredetennined m 
times, and the maximum value is added one after an- 

10 other by the number of measurements in an addition 
block 4405, and the resulting value Is divided by the 
number of measurements m in a dividing block 4406, 
and the average value Is detemiined In a peak value 
detemriining block 4407, whereby the type of sheet is 

'5 detemilned. Numeral 4409 denotes number of times 
counting block. 

(Example 8: Detection by A Plurality of Circuits) 

20 [0208] An example of using a circuit in whfch two sig- 
nal output apparatuses are provided, and the nth max- 
imum values are obtained from the outputs from the re- 
spective piezoelectric elements of the apparatuses is 
shown in FIG. 35. The maximum values obtained from 

^5 the respective output signals are added together in an 
addition circuit block 4504, and the resulting value Is av- 
eraged in a dividing circuit block 4505, and the type of 
sheet material is determined in a peak value determin- 
ing circuit block 4506. Reference numerals 4604. 4501 

30 and 4502 denote a peak number counting circuit block 
2, a peak value detecting circuit block 2 and a timing 
creating block 2. respectively. 



35 



(Example 9: Recoil Period) 



[0209] FIG . 36 is a schematic sectional view of an im- 
pact applying unit that is suitably used in the present 
invention. Reference numeral 4601 is a piezoelectric 
body serving as a sensor, reference numeral 4602 de- 

40 notes a flat spring with the piezoelectric body mounted 
thereon, reference numeral 4603 denotes a movable 
base portion for fixing the flat spring on a pedestal, ref- 
erence numeral 4604 denotes a groove portion formed 
In the movable base portion 4603 for enabling deforma- 

4s tlon and displacement of the flat spring 4602, reference 
numeral 4605 denotes a movable axis portion connect- 
ed to the movable base portion 4603, and reference nu- 
meral 4606 denotes an impact member having a hemi- 
spherical surface, which is connected to the front edge 

so of the movable axis portion 4605. 

[0210] Reference numeral 4607 denotes a bearing 
portion for promoting the uniaxial movement of the mov- 
able axis portion 4605, reference numeral 4608 denotes 
a sheet material as a printing paper, reference numeral 

55 4609 denotes a platen for mounting the sheet material 
4608, reference numeral 4610 denotes an impact re- 
ceiving portion that is collided against the impact mem- 
ber 4606 with the sheet material 4608 therebetween. 
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reference numeral 4611 denotes a vacuunn port for 
bringing the sheet material 4608 into intimate contact 
with the platen 4609 and the Impact member 4610 by 
means of reduced pressure, reference numeral 4612 
denotes a frame, reference numeral 4613 denotes a 
frame, and reference numeral 461 4 denotes a cam por- 
tion located above the frame 461 3 for lifting the movable 
base portion 4603, and then allowing the movable base 
portion 4603 to fall. Reference numerals 461 5 and 461 6 
are lead wires electrically connected to a positive elec- 
trode and a negative electrode of the piezoelectric body 
4601, respectively. 

[0211] Then, in the above configuration, the movable 
vase portion 4603 is first separated from the platen 4609 
and moved upward until a certain height is reached by 
rotating the cam 461 4» and in this state, the sheet ma- 
terial 4608 is placed on the platen 4609, followed by fur- 
ther rotating the cam portion 4614, whereby the mova- 
ble base portion 4603 is fallen from the height to cause 
the impact member 4606 to collide against the sheet 
material 4608. 

[0212] By the collision, the impact member 4606 re- 
coils on the sheet material 4608 above the impact re- 
ceiving portion 461 0, and the flat spring 4602 u ndergoes 
a change in momentum by the Impulse occurring at the 
time of collision to start vibrating from the static state, 
and due to the vibration, the piezoelectric body 601 
mounted on the flat spring 4602 generates a piezoelec- 
tric current by rapid defonnation: and thereafter the vi- 
bration is rapidly attenuated due to viscous resistance. 
As a trigger at the time of collision, the piezoelectric cur- 
rent is picked up as a voltage from the both ends of the 
lead wires 4615 and 4616, 

[0213] In this Example, for increasing the viscous re- 
sistance, the flat spring 4602 united with the piezoelec- 
tric body 4601 Is contained in an atmosphere of pres- 
sure gas (not shown), and flow resistance of the gas is 
generated by the vibration of the flat spring, whereby the 
vibration is attenuated. 

[0214] The sheet type detecting apparatus was used 
to detect the type of sheet for the CF301 printing paper 
(manufactured by Canon Inc.) and the Recycle PPC 
printing paper (manufactured by Canon Inc.). wherein 
as shown In FIGS. 37A and 376, a period of time be- 
tween the trigger occurring at the time of the first colli- 
sion and the trigger occurring at the time of the fifth col- 
lision was measured to compare the both types of 
sheets, and the experimental result was obtained show- 
ing that the time interval between the collisions for the 
CF301 printing paper was longer (200 [ms]), and on the 
other hand, the time inten/al between the collisions for 
the Recycle PPC printing paper was 166 [ms], which 
was shorter by 35 [ms]. That is, the duration of stay in 
air caused by the collision, namely the recoil period of 
the CF301 printing paper was longer than that of the Re- 
cycle PPC printing paper. It was thus found that the re- 
coil period depends on the type of sheet. 
[0215] Then, recoil periods corresponding to the 



above types of sheets were prepared in advance as a 
data table, and the above described experiment was 
candied out for each type of sheet, and as a result. It was 
possible to discriminate between the CF301 and the Re- 
5 cycle PPC adequately. 

(Example 10) 

[0216] In addition, an apparatus similar to that de- 
10 scribed in Example 9 was used to measure a period of 
time required for five collisions for the following papers. 
As shown in FIGS. 38 A and 38B, for detecting the type 
of sheet for the OHP printing paper (Kokuyo Co., Ltd.) 
and the EP photo printing paper (Canon Inc.), a com- 
^5 parison was made between the papers, and the exper- 
imental result was obtained showing that in the period - 
of time between the trigger occurring at the time of the 
first collision and the trigger occurring at the time of the 
fifth collision, the time interval between the collisions for 
20 the OHP printing paper was longer by 26 [ms] (the value 
forthe OHP was 1 1 8 [ms], and the value forthe EP photo 
paper was 92 [ms]). 

[0217] Then, in the same way as described above, the 
ratios of the square of the time interval between two se- 
25 quential collisions of five collisions for the above types 
of sheets was compared to one another, and as a result, 
the difference In ratio between the types of sheet was 
clear, and the ratio was almost the same for the same 
type of sheet 

30 [0218] In this Example, the ratio forthe OHP was 0.68. 
and the ratio for the EP photo paper was 0.60. 
[0219] Furthermore, as described previously, the pe- 
riod of time can also be measured by generating a pulse 
using the trigger occurring for each collision , and count- 

35 ing the number of signal pluses obtained by the electric 
AND circuit of the pulse and a known external pulse. 
[0220] Furthermore, the AND circuit is used in this Ex- 
ample, but the NAND circuit may also be used. 
[0221] Brass is used for the impact receiving portion 

40 4610 in this Example, but other substances of high 
Young's modulus and increased hardness may be used, 
and for example, iron, nickel, chrome, tungsten and mo- 
lybdenum are preferable, or alloys or oxides thereof may 
be used, or aluminum oxide, silicon oxide, silicon nitride 

45 and zircon oxide may be used, or ceramics thereof may 
be used, or glass or polymeric materials may be used. 
[0222] In this Example, the viscous resistance of the 
flat spring vibration system is increased to generate only 
the triggerstgnal at the time of the collision, and in order 

50 to attenuate natural vibration of the flat spring, the flat 
spring united with the piezoelectric body Is contained in 
an atmosphere of pressure gas to enrich viscous resist- 
ance components with the flow of the gas occurring at 
the time when the flat spring vibrates, but Instead there- 

55 of, for example, a bladed body for increasing air resist- 
ance may be used for the flat spring vibration system. 
[0223] Furthermore, in the present invention, nUrogen 
gas is used as the gas, but instead thereof, for example. 
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an inert gas such as argon gas may be used. 
[0224] In addition, in the present invention, gravity is 
used as means for having the impact member collided 
against the sheet material, but instead thereof, for ex- 
ample, the method may be used in which a flat spring 
4902 is fixed to a fixed end 4917, and the flat spring 
4902 Is lifted by a cam mechanism (not shown), where- 
by defoHDatlon energy is accumulated In the flat spring 
4902, and thereafter the flat spring 4902 is detached 
fronn the cam to have the impact portion 4906 collided 
against the sheet material 4908 by means of the accu- 
mulated energy of the flat spring 4902 detached from 
the cam, as shown in FIG. 39. 
[0225] Furthermore, the flat spring 4902 may be a coil 
spring. If the spring is used, the impact member 4906 
can be collided against the back surface of the sheet 
material 4908 opposing to gravity, thus making It possi- 
ble to detect the type of sheet at the back surface of the 
sheet material 4908. 

(Example 11) 

[0226] An example using FIGS. 40, 41 A and 41 B, 42 

and 43 will be described. 

[0227] Reference numeral 5001 is a piezoelectric 
body serving as a sensor, reference numeral 5002 de- 
notes a flat spring with the piezoelectric body mounted 
thereon, reference numeral 6003 denotes a movable 
base portion for fixing the flat spring 6002 on a pedestal, 
reference numeral 6004 denotes a groove portion 
fomned in the movable base portion 6003 for enabling 
deformation and displacement of the flat spring 5002, 
reference numeral 5005 denotes a movable axis portion 
connected to the movable base portion 5003, and ref- 
erence numeral 5006 denotes an impact member hav- 
ing a hemispherical surface, which is connected to the 
front edge..of the movable axis portion 5005, and there- 
fore the movable base portion 5003, the movable axis 
portion 5005 and the impact member 5006 constitute 
one united body, and reference numeral 5007 denotes 
a bearing portion for promoting the uniaxial movement 
of the movable axis portion 5005, reference numeral 
5008 denotes a sheet material as a printing paper, ref- 
erence numeral 5009 denotes a platen for mounting the 
sheet material 5008, reference numeral 5010 denotes 
an Impact receiving portion that is collided against the 
impact member 5006 with the sheet material 5008 ther- 
ebetween, reference numeral 5011 denotes a vacuum 
port for bringing the sheet material 5008 into intimate 
contact with the platen 5009 and the impact member 
501 0 by means of reduced pressure, reference numeral 
601 2 denotes a frame, reference numeral 5013 denotes 
a frame, and reference numeral 5014 denotes a cam 
located above the frame 6013 tor lifting the movable 
base portion 5003, and then allowing the movable base 
portion 6003 to fall. Reference numerals 601 5 and 501 6 
are lead wires electrically connected to a positive elec- 
trode and a negative electrode of the piezoelectric body 



5001, respectively. Furthermore, a sealing member is 
actually provided (not shown) so that the vibration of the 
flat spring created by the impact is not rapidly attenuated 
while the natural vibration is developed In the flat spring. 
5 [0228] Then, in the above configuration, the movable 
vase portion 5003 is first separatedfrom the platen 6009 
and moved upward until a certain height is reached by 
rotating the cam 6014, and In this state, the sheet ma- 
terial 5008 is placed on the platen 6009, followed by fur- 

10 ther rotating the cam portion 5014, whereby the mova- 
ble base portion 5003 is fallen from the drop height to 
cause the impact member 5006 to collide against the 
sheet material 5008. By the collision, the innpact mem- 
ber 5006 recoils on the sheet material 5008 above the 

^5 impact receiving portion 601 0. and the flat spring 6002 
undergoes a change in monr^enium by the impulse oc- 
cun-lng at the time of collision to start vibrating from the 
static state, namely start a natural vibration, and tensile 
strains and compressive strains occur alternatingly on 

^0 the surface of the flat spring due to the natural vibration. 
[0229] Tensile strains and compressive strains also 
occur in the piezoelectric body placed on the surface of 
the flat spring 5002, thus making it possible to detect an 
alternating voltage equivalent to the natural vibration of 

23 the flat spring 5002 from the lead wires 501 6 and 501 6 
electrically connected to the both poles of the piezoe- 
lectric body. 

[0230] Furthermore, in the present invention, the elec- 
tric signal equivalent to the natural vibration of the flat 

^ spring 5002 is picked up from the piezoelectric body 
6001 as a voltage, but It may be picked up as a piezo- 
electric current, namely as a current. 
[0231] In this Example, the flat spring 5002 and the 
piezoelectric body 6001 are contained In an atmosphere 

35 of reduced pressure with the air replaced with argon gas 
(not shown) to curb attenuation of the natural vibration 
of the flat spring. Preferably, the atmosphere of reduced 
pressure Is adjusted so that the attenuation of the am- 
plitude of the natural vibration started after the collision 
is minimized, and the electric signal from the piezoelec- 
tric body Is attenuated to a level equal to or lower than 
the set voltage of the comparator by the time when the 
next collision occurs. 

[0232] The impact member 6006 was fallen from the 
drop height and collided against the Impact receiving 
portion 6010 using a sheet type detector, and an atten- 
uation cun^e of natural vibration of the flat spring 5002 
as shown in FIG, 42 was obtained. 
[0233] The time axis was further reduced, and an at- 

^0 tenuated vibration curve shown In FIG. 43 was obtained, 
and the frequency of natural vibration calculated from 
this figure was 7.7 kHz, which was slightly small com- 
pared to the theoretical value of 8.1 kHz, but was gen- 
erally an appropriate frequency of natural vibration. 

J5 [0234] The sheet type detecting apparatus was used 
to detect the type of sheet for the CF301 printing paper 
(manufactured by Canon Inc.) and the Recycle PPC 
printing paper (manufactured by Canon Inc.), wherein 
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as shown in FIGS. 41 A and 41 B. the voltage signal 
equivalent to the frequency of natural vibration of the flat 
spri ng from the piezoelectric body during the tinne period 
of 0.25 seconds after the first collision was inputted to 
the comparator, and the voltage signal larger than a 
comparative voltage defined arbitrarily (0.05 V in the 
case of this Example) was pulsed, and the number of 
pulses was counted by a counter, and as a result, the 
counted number of pulses of CF301 was larger than that 
of Recycle PPC by 1 50 pluses. That is, the experimental 
result of examining the counted number of pulses 
showed that the recoil period for the CF301 paper is 
greater than that for the Recycle PPC paper. In other 
words, it was found that the recoil period depends on 
the type of sheet. 

(Example 12) 

[0235] This Example will be described with reference 
to FIGS. 44, 45 and 46. Reference numeral 5420 is a 
piezoelectric body serving as a sensor, reference nu- 
meral 5423 denotes a flat spring with the piezoelectric 
body 5420 mounted thereon, reference numeral 5424 
denotes a movable base portion for fixing the flat spring 
on a pedestal, reference numeral 5425 denotes a 
groove portion fomied In the movable base portion 5424 
for enabling deformation and displacement of the flat 
spring, reference numeral 5426 denotes a movable axis 
portion connected to the movable base portion 5424, 
and reference numeral 5427 denotes an impact portion 
having a hemispherical surface, which is connected to 
the front edge of the movable axis portion 5426. 
[0236] The spring 5423. the movable base portion 
5424, the movable axis portion 5425 and the impact por- 
tion 5427 constitute one united recoil body, and refer- 
ence numeral 5428 denotes a bearing portion for pro- 
moting the uniaxial movement of the movable axis por- 
tion 5426, reference numeral 5410 is a sheet material 
as a printing paper, and reference numeral 5429 de- 
notes a platen for nnounling the sheet material. Refer- 
ence numeral 6420 denotes a groove provided in the 
platen 5429, reference numeral 5411 denotes a hole 
provided in the bottom of the platen 5429, reference nu- 
meral 641 2 denotes a cavity portion provided in the plat- 
en 5429, reference numeral 5413 denotes a absorber 
placed in the groove 5420, reference numeral 541 5 de- 
notes an input spring for supplying energy for causing 
the impact portion 6427 to collide against the sheet ma- 
terial 5410, reference numeral 16 denotes a spring fit- 
ting portion connected to the platen 5429. 
[0237] Then, in the above configuration, when the re- 
coll body is fallen from an altitude of HO (not shown), the 
impact portion 5427 is collided against the sheet mate- 
rial 5410 on the platen 5429 after a period of time TO, 
and due to the deformation associated with the defor- 
mation (plastic deformation and elastic defomnation) of 
the sheet material caused by the collision, and the vi- 
bration of the platen 5429 occurring by the collision of 



the impact portion 5427 against the platen 5429 with the 
sheet material 541 0 therebetween, the original input en- 
ergy (potential energy at the time of falling In this case) 
is attenuated, and after the collision, the recoil body ris- 

5 es into space due to residual energy. 

[0238] Then, the recoil body falls again, and In the 
process of repeating operations similar to those de- 
scribed above, the piezoelectric current generated in the 
piezoelectric body by the rapid strain defonnation of the 

10 piezoelectric body 5420 mounted on the flat spring 5423 
caused by the impulse occurring at the time of the col- 
lision is detected at the time interval at which the impact 
portion 5427 collides against the sheet material 5410. 
whereby the type of sheet is detected. 
[0239] In the Example, by providing the grove 5420 in 
the platen 5429, the type of sheet material 541 0 can be - 
effectively detected because the vibration created In the 
platen 5429 at the time of collision, namely the absorp- 
tion of energy by the vibration depends on the rigidity of 

20 the sheet material 541 0. 

[0240] Here, the absorption of energy by the absorber 
5413 varies depending on the type of the sheet material 
541 0, and the absorption of energy decreases as the 
rigidity of the sheet material increases, and the adsorp- 

2S tion of energy Increases as the rigidity decreased. 

[0241] In this Embodiment, when the type of sheet 
was detected for the Pr 101 printing paper (manufac- 
tured by Canon Inc.) and the Hr101 printing paper (man- 
ufactured by Canon Inc.), there was a difference of 30 

30 [ms] between these two papers in time interval between 
the first recoil and the fifth recoil as shown in FIGS. 47A 
and 47B, and thus the type could be clearly determined. 
[0242] The recoil body is fallen by means of gravity in 
this Example, but the recoil body may be collided 

3S against the sheet material 541 0 by means of input en- 
ergy of the flat spring 641 5 shown in FIG. 45. 
[0243] In addition, even if as shown in FIG. 46, the 
absorber 541 3 is provided in the grove portion 5420 of 
the platen, and the recoil body is collided against the 

40 absorber as another aspect, the energy absorption oc- 
curs as in the case where a groove is provided in the 
platen as described above. The flat spring 5415 shown 
in FIG. 45 may further be incorporated in the configura- 
tion shown in FIG. 46. 

45 [0244] Furthennore, In this Example, a sintered PZT 
piezoelectric body is used as the sensor, phosphor 
bronze is used for the flat spring, stainless steel 
(SUS32) is used for the impact portion, hollow glass is 
used as the bearing portion, and an aluminum material 

50 is used as the platen, and a groove having a diameter 
of 6 mm and a depth of 0.2 mm is provided as the 
groove. In addition, Fe is used for the impact portion, 
but instead thereof, forexample. a metal material, a ce- 
ramic material and a polymer material may be used, and 

55 Fe, A1 > brass and carbon steel may preferably be used, 
or magnetic Fe. Ni, Co and Gd may be used, or alloys 
and ceramics thereof may be used. For example, Fe, 
Co. , Ni. Gd and alloys or ceramics thereof may be used. 
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An Fe based magnet containing Si is used In this Exam- 
ple, but an electromagnet may be used. In addition, 
phosphor bronze is used as the flat spring, butotherma- 
terials having elasticity and spring properties are also 
acceptable, and instead thereof, for example, a Be-Cu 5 
alloy and stainless steel (SUS) may be used. The PZT 
piezoelectric body Is used as the sensor 1 , but instead 
thereof, for example, ZnO and barium titanate may be 
used. 

[0245] In addition, as an aspect other than the above io 
Example, a piezoelectric body 5901 serving as a sensor 
and a flat spring 6902 are provided in the groove 5420, 
and elastic energy is accumulated In the Input spring 
541 6 connected to the spring fitting portion 541 6, kinetic 
energy generated by releasing the elastic energy (ac- is 
cumulation and release of energy in the Input spring are 
not shown) is given to the recoil body composed of the 
connected movable axis portion 6426 and impact por- 
tion 5427, and the recol) body collides against the sheet 
material 541 0 with the sheet material 541 0 as printing 20 
paper being therebetween, and the sheet material 5410 
is deformed at the time of the collision, and the flat spring 
5902 is also deformed In association with the defomna- 
tlon of the sheet material 541 0, and therefore the original 
elastic energy is reduced due to the consumption of the 25 
def onmation energy, and the recoil body goes away from 
the sheet material 5410 with residual energy. In the 
process of repeating the above operations, the input 
spring has original energy gradually reduced, and finally 
falls onto the sheet materiaL In the process of the above 30 
operations, the flat spring 5902 starts moving with the 
impulse occurring at the time of the collision, and at the 
same time, the piezoelectric body 5901 is defonned, 
and the piezoelectric current generated by deformation 
of the piezoelectric body 5901 is detected as a voltage. 35 
[0246] That is. the time of the collision is measured 
using the trigger of voltage^generated in the piezoelec- 
tric body. Then, as in the case of the above Example, 
by measuring the time Interval of the collision depending 
on the rigidity of sheet material using the trigger, the type 40 
of sheet material can be detected. 

(Example 13) 

[0247] This Example will be described with reference 45 
to FIG. 49, Same numbers are given for portions same 
as those in FIG. 46, Reference numeral 5413 denotes 
an absorber placed in the groove 5420, and reference 
numeral 5414 denotes a magnet 

[0248] Either gravity or the flat spring 541 6 (FIG. 48) so 
may be used for collision of the impact portion 6427 
against the sheet material. 

[0249] In this Example, attractive forces are exerted 
between the recoil body and the magnet 5414. The im- 
pact portion at the front edge of the recoil body ap- ss 
proaches close to the magnet 5414, and at this time, 
inter-magnetic material attractive forces are exerted be- 
tween the recoil body and the magnet. 



[0250] Thus, the recoil body gradually goes away 
from the magnet and the sheet material to rise into 
space with residual energy. In the teeth of the inter-mag- 
netic material attractive force. 

[0251 ] In this Example described above, the length of 
ttie approach distance from the recoil body to the mag- 
net of the impact portion depends on the rigidity of the 
sheet material, and therefore by providing the magnet 
541 4 in The groove of the platen, the inter-magnetic ma- 
terial attractive force decreases as the rigidity increases, 
and conversely, the inler-magnecic material attractive 
force increases as the rigidity decreases. Thus, the 
height reached by the recoil body rising into space after 
the collision for the sheet material having high rigidity 
than that for the sheet material having low rigidity, and 
consequently, there Is a difference In time Intervaj of the 
collision of the recoil body between sheet materials. 
That Is, the time Interval Increases as the rigidity of sheet 
materia! increases. 

[0252] In this Example described above, the type of 
printing paper can be detected by measuring the time 
interval In the case where a magnet Is placed In the 
groove. 

[0253] In this Embodiment, when the above method 
and apparatus were used to the type of sheet for Pr 1 01 
and HrlOI. there was a difference of 43 ms between 
these two papers in time interval between the first recoil 
and the fifth recoil as shown in FIGS. 50A and SOB, and 
thus the type could be cleariy determined. 
[0254] In this Example described above, a magnet 
with magnetic flux of 470 (Gauss) is used as the magnet, 
and a groove 1 0 having a diameter of 5 mm and a depth 
of 0.2 mm is provided, and the recoil body with weight 
of 7 (gr.f) is fallen from the height of 7 mm using mild 
steel as the impact portion. 

[0255] Furthermore, a groove having a diameter of 5 
mm and a depth of 0.2 mm is used, but instead thereof, 
a groove having a shape or dimension enabling the 
sheet material to undergo defomriation depending on the 
rigidity of sheet material at the time of the collision may 
be used. 

[0256] In addition, as another aspect, the piezoelec- 
trie body 5901 acting as a sensor, the flat spring 6902, 
an absorber 6313 and a magnet 6314 may be provided 
In the groove 5420 as shown In FIG. 51 . 
[0257] According to the signal output apparatus ac- 
cording to the present invention, infomnation about the 
type of sheet material can be outputted even if informa- 
tion such as number codes is not previously assigned 
to the sheet material. 

[0258] A signal output apparatus comprises an impact 
applying unit applying an impact to a sheet from the out- 
side thereof, and a detection unit outputting a signal by 
the Impact. An apparatus for detennining the type of 
sheet comprises an impact applying unit applying an im- 
pact to a sheet from the outside thereof, and a detection 
unit outputting a signal by the impact, wherein the type 
of the sheet is detennined based on the signal from the 
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detection unit. An image fonning apparatus comprises 
an impact applying unit applying an impact to a sheet 
from the outside thereof, and a detection unit outputting 
a signal by the impact. A method for detemiining the 
type of sheet comprises the steps of applying an impact 
to a sheet from the outside thereof, outputting a signal 
from a detection unit by the applying step, and deter- 
mining the type of sheet based on the signal. An appa- 
ratus carries out the method for determining the type of 
sheet. An information output apparatus used in an im- 
age fonning apparatus comprises an Impact applying 
unit applying an Impact to a target from the outside 
thereof, and a detection unit outputting infomnatlon by 
the impact. 



Claims 

1 . A signal output apparatus comprising: 

an Impact applying unit applying an impact to a 
sheet from the outside thereof; and 
a detection unit outputting a signal by the im- 
pact. 

2. The signal output apparatus according to claim 1, 
wherein said detection unit comprises a piezoelec- 
tric element. 

3. The signal output apparatus according to claim 1. 
wherein said detection unit is provided on an elastic 
member. 

4. The signal output apparatus according to cJaim 1 , 
wherein said detection unit is provided in a position 
opposite to said impact applying unit with said sheet 
therebetween. 

5. The signal output apparatus according to claim 4, 
wherein said detection unit is provided on the bot- 
tom face of a recess of a substrate having the re- 
cess. 

6. The signal output apparatus according to claim 1, 
wherein said detection unit is mounted on said im- 
pact applying unit. 

7. The signal output apparatus according to claim 1 , 
comprising a plurality of said detection units. 

8. The signal output apparatus according to claim 1, 
wherein said detection units are each provided on 
the face side and the back side of said sheet. 

9. The signal output apparatus according to any one 
of claims 1 to 8, wherein said impact is applied to 
said sheet at the time when said sheet is In the static 
state. 



10. The signal output apparatus according to claim 9, 
wherein the time when said sheet is in the static 
state means the time when said sheet is not sub- 
stantially being conveyed. 

5 

11. The signal output apparatus according to claim 1. 
wherein at the time when said Impact is applied, 
said impact applying unit is transited from the state 
in which said impact applying unit does not contact 

10 said sheet to the state in which said impact applying 
unit contacts said sheet. 

12. The signal output apparatus according to claim 1, 
wherein at the time when said impact is applied, 

IS said detection unit comes into contact with said 
sheet. 

13. The signal output apparatus according to claim 1, 
wherein said signal is a signal for use in determine- 

20 tion of the type of said sheet. 

14. An apparatus for determining the type of sheet, 
comprising: 

25 an impact applying unit applying an impact to a 

sheet from the outside thereof; and 
a detection unit outputting a signal by the im- 
pact, 

30 wherein the type of the sheet is determined 

based on the signal from the detection unit. 

15. The apparatus according to claim 14, 

wherein the type of said sheet is determined using 
35 information about sheets stored in advance and the 
signal from said detection unit. 

16. The apparatus according to claim 14, 

wherein the application of said impact is carried out 
40 at the time when said sheet Is in the static state. 

17. The apparatus according to claim 14, 

wherein the type of said sheet Is determined using 
the peak value of an output signal from said detec- 
45 tion unit. 

18. The apparatus according to claim 14, 

wherein the type of said sheet is determined using 
the number of peaks of the output signal from said 
so detection unit or the time interval between the 
peaks. 

19. The apparatus according to claim 14, 

wherein the type of said sheet is determined using 
55 the nth peak value and the (n+a)th peak value (a 
represents a natural number) of the output signal 
from said detection unit. 
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30. A method for determining the type of sheet, com- 
prising the steps of: 

applying an impact to a sheet from the outside 
thereof; 

outputting a signal from a detection unit by the 
applying step; and 

detennining the type of sheet based on the sig- 
nal. 

31 . The method according to claim 30, wherein said ap- 
plying step is earned out at the time when said sheet 
is in the static state. 

32. An apparatus for carrying out the method for deter- 
mining the type of sheet according to claim 30. 

33. An Infomiatlon output apparatus used in an image 
forming apparatus, comprising: 

an impact applying unit applying an impact to a 

target from the outside thereof; and 

a detection unit outputting information by the 

impact. 

34. The information output apparatus according to 
claim 33, wherein said target is a liquid container, 
and said impact is an external force other than vi- 
bration. 



25. The Image forming apparatus according to claim 
23, wherein the type of said sheet Is determined in 
said Image fomning apparatus. ss 

26. The. image forming apparatus according to claim 

23, wherein the type of said sheet is determined in 
a computer externally connected to said Image 
forming apparatus. 40 

27. The image forming apparatus according to claim 

24, wherein said Item to be controlled Is at leastone 
selected from the group consisting of the space be- 
tween rollers for conveying the sheet, the pressure 
between the conveying rollers and the conveyance 
speed. 

28. The image forming apparatus according to claim 

23. wherein said image forming apparatus fomis an so 
image by discharging ink, and said item to be con- 
trolled is the amount of ink to be discharged. 

29. The image forming apparatus according to claim 

23, wherein said image f orniing apparatus f ornis an ss 
image using a toner, and said Item to be controlled 
is the temperature of sheet. 



20. The apparatus according to claim 14, 

wherein the type of said sheet is detennined using 
a recoil period of said impact applying unit. 

21. The apparatus according to claim 20, 5 
wherein a predetermined pulse is generated during 

a period of time between the nth collision and the 
(n+1) collision, and said recoil period is measured 
from the number of clock pulses generated in an 
AND circuit of the pulse and an external clock pulse. io 

22. The apparatus according to claim 14, 

wherein the type of said sheet Is detennined using 
the time interval between the nth collision (n repre- 
sents an integer number equal to or greater than is 

1 ) and the mth collision (m represent an Integer 
number equal to or greater than 2, and m>n 
holds). 

20 

23. An Image fonming apparatus comprising: 

an impact applying unit applying an impact to a 

sheet from the outside thereof; and 

a detection unit outputting a signal by the im- 25 

pact. 

24. The image forming apparatus according to claim 
23, wherein the type of sheet is detemnined based 

on the signal from said detection unit to define con- 3o 
ditions for an item to be controlled. 
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